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Epizoétiology of Newcastle Disease of Poultry 


C. A. BRANDLY**, M.S., D.V.M.; H. E. MOSES»**, M.S., D.V.M.; E, ELIZABETH JONES®, 
Ph.D.; and E. L. JUNGHERR®***, D.M.V., Vet. Dipl. 


Boston, Massachusetts 


IDENTIFICATION of a virus disease of poultry 
in California with Newcastle disease’: *, in 
1944, marked the first recognition of this 
malady in the Western Hemisphere. 


What is now generally termed Newcastle 
disease was first reported in 1926 by Krane- 
veld? as a highly diffusible and fatal infec- 
tion of poultry prevalent in the Dutch East 
Indies. This disease was seen also in 1926 
at Newcastle-on-Tyne, England, by Poyle+, 
who named it after that place and demon- 
strated the filterability of the causative 
virus. 

A history of recognized outbreaks of the 
disease up to 1943, as well as pertinent 
epizoétiologic considerations, are presented 
in a review of the literature by Beaudette’. 
The present paper deals primarily with the 
evidence of further outbreaks of Newcastle 
disease, 

During the decade following its recognition, 
Newcastle disease was reported from the 
Dutch East Indies as pseudovogelpest or 
pseudo-fowl pest’; from India as Ranikhet dis- 


ease’, Madras fowl pest’, avian distemper’ or 
Doyle’s disease’”, and fowl pest”; from the 


This work was done as a part of a research 
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Philippines as Philippine fowl disease”. a 
poultry epidemic", avian pest”, and an avian 
disease new to the Philippines”; from Korea 
and Japan as neue gefliigelseuche in Korea”, 
Korea hiihnerseuche, or Chosen keieki" and 
Chosen disease, and Newcastle disease”; from 
Australia as pseudo-poultry plague” and New- 
castle disease”; from Ceylon as Ranikhet”; 
and from Kenya as a highly fatal virus dis- 
ease of fowls”. In 1940, Komarov reported 
Newcastle disease from Palestine and Syria”. 

The pseudoplague of birds, reported by Mal- 
brant™ to be present in the Middle Congo in 
1939, appears to represent a new focus of 
Newcastle disease. In the United States, a 
disease later identified as Newcastle disease** 
was described from California in 1942 as a res- 
piratory nervous disorder of chickens*™” and 
avian pneumoencephalitis”, but the infec- 
tion designated as nine-day pneumonia and 
chicken flu’ was stated to have been present 
in that area as early as 1935 and 1940, respec- 
tively. Newcastle disease was identified in 
1945 in the eastern United States from New 
Jersey™’”, New York”, Massachusetts”, and 
Connecticut™. Serologic evidence of the dis- 
ease in the latter state had, however, been re- 
ported in 1944 on the basis of results of a 
laboratory study with a pneumoencephalitis 
virus strain secured from California”; chicken 
serums obtained from Maryland and other 
eastern states were also found to contain sig- 
nificant quantities of specific antibodies for 
Newcastle virus”. 

A grave epizoétic which occurred among 
poultry in Italy and Sicily in 1940 was charac- 
terized by high infectivity, greater acuity in 
young than in old chickens, a toxic syndrome, 
respiratory difficulty and, at postmortem ex- 
amination, hemorrhagic involvement of either 
the respiratory tract or the proventricular and 
intestinal mucosae. This disease, although 
showing the major featur:s of Newcastle dis- 
ease, was considered variously by Italian 
authors as fowl pest”, infectious laryngo- 
tracheitis”, or fowlpox*™. The same disease 


appeared in Germany in 1941", and its occur- 
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rence was recorded in other areas of the Con- 
tinent during the next few years*”. Proof 
of its identity with Newcastle disease was sub- 
sequently established in this country”. 

Newcastle disease was recognized for the 
first time in South Africa” during May, 1945, 
the history indicating that infection was pres- 
ent in Durban in December, 1944. Later re- 
ports placed it also in the Transvaal”. 


IDENTIFICATION OF THE NEW Foc! 


Upon extension to new areas and coun- 
tries, certain clinicopathologic differences 
in Newcastle disease were noted and, thus, 
there was delay in recognition of the infec- 
tion. Definite identification has thus usually 
awaited the use of immunologic methods. 

Failure to demonstrate the virus in the 
blood stream of birds suffering with the 
Dutch East Indies infection was a confus- 
ing feature of earlier outbreaks, but after 
a time the virus was readily recoverable 
from the blood of both field and laboratory 
cases. As has been pointed out’, the simi- 
larity between the several poultry diseases 
reported from the Orient and from England 
caused investigators to exchange viruses 
for comparison. Thus, it was found that 
regardless of names and minor differences 
the viruses from the Dutch East Indies, 
India, Philippine Islands, and England were 
immunologically identical. Later, it was 
shown by Japanese workers that their vir- 
uses were identical with the Philippine 
virus. 

The unusually mild character and low 
mortality rate which characterized the 
malady upon its initia] appearance in Amer- 
ica allayed suspicion that it might be New- 
castle disease and delayed perception of a 


possible relationship to typical fulminating 


and highly fatal Newcastle disease, as pre- 
viously seen in other parts of the world. 
The identification of several strains of the 
virus of so-called pneumoencephalitis with 
typical Newcastle virus, in this case the 
Hertfordshire strain“, was established on 
the basis of initial in vitro neutralization 
tests with Newcastle serum from England?, 
and by the following additional criteria’: 
infectivity for chickens and chicken em- 
bryos, and time of survival after infection; 
pathogenesis and pathology of the induced 
disease; hemagglutinative activity of the 


virus and the hemagglutination-inhibiting 
effect of the specific serum; pH sensitivity 
pattern of the virus; and cross-neutraliza- 
tion by the serum, together with the recip- 
rocal refractivity of chickens immunized 
with the respective strains of virus. 


The virus of the Italiansepizodtic was dis- 
tinguished by Bianchi® from that of fowl pla- 
gue on the basis of cross-immunity trials, but 
its immunologic identity with Newcastle virus 
was not establshed by him. Molina™ concluded 
that the virus isolated from a severe disease of 
fowl in Italy in 1940 more closely resembled 
Newcastle disease than it did fowl plague or 
laryngotracheitis. The immunologic identity 
of the infection as it appeared in Germany 
with that in Italy was shown by Traub“, who 
studied comparatively a strain of virus sent 
from Italy. Its immunobiologic diversity from 
classical fowl pest was also pointed out by 
Traub, and its probable identity with New- 
castle disease suggested. However, certain 
German authors™”™*® considered that the 
disease with its marked intestinal involvement 
represented a fowl plague infection of altered 
pathologic characteristics. The identity of the 
infection in question with that of known New- 
castle disease viruses (English and American 
strains) was later established in comparative 
studies™ with virus present in tissues supplied 
by the veterinary institutes at Perugia and 
Milan, Italy. These strains satisfied the cri- 
teria which have been mentioned already’ and 
which were utilized for establishing the rela- 
tionship of the American strains to the En- 
glish strain. 


DISSEMINATION OF THE DISEASE 


Host Range.—While the natural host 
range of Newcastle disease apparently has 
been limited to avian species the spectrum 
is quite broad. Chickens, turkeys, guinea 
fowl, ducks, geese, pigeons, pheasants, par- 
tridges, crows, sparrows, Mayas, and mar- 
tins, as well as unidentified species of free- 
flying birds, have been reported as affected 
during natural outbreaks®. The evidence 
for susceptibility of several wild birds is, 
however, largely circumstantial and lacks 
verification by the isolation of the virus. 


Malbrant™ noted, in 1940, that many Av:- 
tralian parrots and Congolian parrots (the 
latter inseparable from the red tail parro', 
Agaporius pullaria), which lived in the vici:- 
ity of infected poultry yards, acquired a di:- 
ease similar to pseudoplague. He observed a - 
so that there was a numerical reduction i» 
francolins in 1940 and 1941 in the region ©! 
Brazzaville, which possibly may have been r: 
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lated to the disease in chickens. Ducks, turkey 
cocks, and geese were apparently refractory 
under natural conditions. On the basis of ne- 
gative infectivity tests on 1 Fringillida and 7 
Ploceidae, Malbrant concluded that passerines 
were not susceptible. Pigeons were readily in- 
fected by intramuscular inoculation. 

Several Italian authors reported pheasants 
and fowls to be affected on farms, but not 
pigeons” or ducks”, while young turkeys 
and guinea fowl were seen to sicken spontan- 
eously*. Also reported were a few suspected 
cases among young ducklings*. Guinea hens, 
geese, and adult pigeons were refractory to ar- 
tificial as well as to natural exposure”. 


In addition to natural or contact infection 
among. chickens, outbreaks in turkey flocks 
were described™” by workers in the United 
States. Turkeys, pigeons, young Mongolian 
pheasants, and young California quail were 
found susceptible to inoculation, the latter 
two species being as susceptible as the chick- 
en, whereas the pigeon was less susceptible”. 

Imported Hungarian pheasants were appar- 
ently responsible for establishing Newcastle 
infection among chicken flocks in Bavaria”, 
Oldenburg”, and Bonn™. Pigeons did not show 
evidence of infection after contact with af- 
fected chickens®”, nor did ducks and geese 
held with affected chickens on the same prem- 
ises or in the same building acquire the dis- 
ease", However, 8 geese, on a premise where 
the chicken flock was almost decimated, show- 
ed transient illness although the ducks re- 
mained well™. 


Age.—The more recent reports are in 
accord with earlier observations® which in- 
dicated that birds of all ages (and breeds) 
are susceptible to Newcastle disease, al- 
though generally less so with advancing 
maturation. 


Recent evidence has suggested greater re- 
sistance with increasing age in ducks, gui- 
neas™, turkeys“, as well as 
as indicated by longer incubation period and 
course“, lower mortality”, lesser incidence of 
morbidity™*"", nervous symptoms, and respir- 

Lory distress”, partial or complete refractiv- 

y to infection”, and more difficulty in recov- 
ery of the virus from affected individuals”. 
‘raub* observed also a larger vaccine require- 

ent per unit body weight in chicks, which, 

‘cording to him, may indicate a greater na- 

ral susceptibility as compared to older 

iickens. 

While Malbrant™ reported that newly hatch- 

1 chicks whose dams showed the first signs 

the disease died some hours after hatch- 

g, he stated that very young birds always 
‘opear less receptive than adults. This and 
‘-e observation of apparent lesser susceptibil- 

y of chicks than of older birds” may suggest 


the necessity of a certain degree of adaptation 
of the infection to hosts of different ages. 
However, on the basis of numerous observa- 
tions during the Italian epizodtics, Vianello“ 
found that chicks which were the progeny of 
recovered hens resisted the disease, whereas 
those hatched from eggs from other sources 
died en masse. He, therefore, advised that the 
most certain method for overcoming the in- 
fection in affected establishments for an ex- 
tended period was to incubate only eggs from 
the same or from flocks of similar status. 
Critical studies* revealed the transfer of im- 
munity to Newcastle virus from the immune 
hen to the chick by means of the egg yolk. The 
passive immunity so derived by the chick was 
shown not only to disappear by the end of the 
first month of life, but to interfere markedly 
with development of an active immunity dur- 
ing this period”. Such a passive immunity 
apparently may be held accountable for the 
refractivity of the 3 to 4-week-old progeny of 
hens which had resisted inoculation with New- 
castle virus”. In this case, it was presumed 
that a natural immunity was transmitted to 
the chicks since they were refractory to inocu- 
lation, whereas all chicks of similar age from 
dams later found susceptible to inoculation 
succumbed to a challenge infection. 


Season.—Previous reports indicate that 
Newcastle disease was prevalent mainly dur- 
ing the fall and winter, tending to subside 
during the spring, and to disappear largely 
during the warmest weather in enzodtic areas’. 


After the disease appeared in Italy during 
the autumn of 1940, Bianchi® noted a retarda- 
tion of spread during the winter with a 
greater recurrence in the spring of 1941. He 
stated that the spring-hatched chickens were 
an easy prey to the infection. 


Introduction of the “pseudoplague” from the 
Belgian Congo to the Middle Congo” in No- 
vember, 1939, was followed by rapid spread 
and, later, by almost complete abeyance from 
February to July, 1940. The disease again 
increased in incidence from July to September, 
but the number of foci diminished with the 
first rains until very few were reported after 
the last weeks of December. 

Mode of Transmission.—According to earlier 
reports’, the transfer of Newcastle virus ap- 
parently has occurred chiefly by means of in- 
fected exudates and excreta, and also through 
the medium of offal of infected birds. The 
digestive and respiratory routes obviously con- 
stitute the usual channels of natural infection. 
Traffic in live birds, including inapparent cases 
and recovered birds as well as clinical cases, 
has accounted most frequently for dissemina- 
tion of infection from place to place. This 
observation has been supported by the ef- 
fectiveness of quarantine regulations as con- 
trol measures. Free-flying birds have been 
suggested to be vectors, without actual proof. 
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Initial outbreaks in a country or area distant 
from previous centers of Newcastle infection 
have often involved a port or at least a coastal 
area or city’, e.g., Batavia, Newcastle-on-Tyne, 
Manila, Melbourne, and Mombasa. 

From observations on the Newcastle-like 
disease in the Middle Congo, Malbrant™ con- 
sidered the infection to have originated in the 
Belgian Congo. Spread usually occurred after 
introduction of sick or exposed birds. Natural 
infection seemed to be accomplished via ex- 
creta. Many flocks appeared to have developed 
the disease without apparent contact with af- 
fected birds; sparrows and pigeons were held 
probably responsible for carrying virulent ma- 
terial from yard to yard. 

The spread of the infection in the Palestine 
outbreak was attributed by Komarov™ to con- 
tact between neighboring flocks. The source 
of the initial outbreak remained obscure, but 
imported fowls were suspected. Affected dead 
birds discarded along main highways by poul- 
try truck drivers were suggested as sources 
of new foci of infection. 

Regarding Newcastle infection in Italy, 
Bianchi” stressed the irregularities of spread 
particularly regarding temporal and _ geo- 
graphic factors. Vianello” observed that trans- 
mission of the disease occurred with great 
facility through cohabitation. The high dif- 
fusibility of the infection was held accountable 
for the inadequacy of strict hygienic and isola- 
tion measures even though scrupulously ob- 
served. 

The introduction of the infection into Ger- 
many in 1941 was ascribed to entrance of 
market and wild birds from Italy in the vi- 
cinity of Hannover”. Outbreaks in Bavaria” 
and Oldenburg” were associated with the in- 
troduction of pheasants and the use of cages 
or feed contaminated by them. The pestlike 
infection in Diisseldorf and Arnsberg early in 
1942 occurred soon after the arrival of Hun- 
garian market poultry”. Here, transfer of 
infection to rural poultry flocks was traced, in 
several instances, to the offal of purchased 
market poultry. In several foci, spread among 
flocks was rather slow by contact, but became 
explosive upon distribution of emergency 
slaughtered fowl to neighboring farms and 
upon placing contaminated litter on dumps or 
upon pastures and meadows. Koser™ also be- 
lieved that certain flock outbreaks were the 
result of contamination introduced by irriga- 
tion of meadows. The appearance of infection 
in Thueringia was thought due to the feeding 
of viscera from imported undrawn market 
poultry. No possible origin of foci of infection 
in Gotenhafen and Danzig was mentioned”. 

In the United States, transmission of New- 
castle infection by contact of healthy with sick 
chickens has been observed frequently” ™ * ™. 
Failing to observe transmission among birds 
in adjacent cages, Stover” believed the usual 


method of transfer to be ingestion of contami- 
nated feed and water. Nevertheless, the 
trachea and lungs were successfully used for 
serial passage of the virus following respira- 
tory instillation. Infection as a result of in- 
troducing the virus in a capsule into the crop 
of a chicken was also recorded. This proce- 
dure had previously given negative results”. 


Ticks (Argas_ persicus) were found by 
Komarov™ to be abundant in an infected flock, 
but ticks from this source, when allowed to 
feed on a healthy fowl, failed to transmit the 
disease. By inoculation of susceptible fowl] 
with ticks from a diseased bird, the virus was 
found to survive for seven, but not ten and 
thirteen days. 

Important, with regard to dissemination of 
infection, is the finding that the peak of virus 
concentration and distribution in the body oc- 
curs early in the course of the disease, then 
diminishes rapidly’. Carriers were not 
demonstrable by contact or inoculation”. How- 
ever, the virus has been recovered from pro- 
tracted, mild cases” and from apparently nor- 
mal chickens (3 months and 3 years old) 
sacrificed about two months after recovery from 
the disease”. 


DISCUSSION 


Consideration of the more recently de- 
scribed epizoétics of Newcastle disease em- 
phasizes that the problem of multiple 
nomenclature and of inability or failure to 
apply cross-immunity tests delayed or pre- 
vented identification of the disease during 
its spread to new countries and to new 
areas during the past decade. Obviously, 
a greater appreciation of epizoétiologic and 
other features of the disease by poultry 
disease diagnosticians, together with the 
availability of specific immune serums and 
of vaccines, should decrease delays and diffi- 
culties in diagnosis of suspected Newcastle 
infection. 

Identification of Newcastle infection in 
avian species other than those in which 
natural infection has been proved becomes 
increasingly important from the epizodtiol- 
ogic viewpoint as the disease becomes more 
widespread. Of birds other than chickens 
implicated in outbreaks during recent years, 
Newcastle infection has been identified posi- 
tively only in turkeys*’: Australian and 
Congolian pheasants and francolins, birds 
previously not mentioned as being suscep- 
tible to Newcastle infection, were reported 
as dying during the epizodétic in the Middle 
Congo**. However, Farinas** has stated 
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merely that parrots are susceptible to New- 
castle disease. It must be recognized that 
the Congolian infection among chickens has, 
however, not been identified immunologi- 
cally with Newcastle disease. 

It is to be anticipated that the observed 
irregularity with which epizoétic infection 
sometimes spreads among chickens of diff- 
erent ages may be magnified in the case of 
other somewhat less susceptible genera and 
species of birds. The passive immunity con- 
ferred by the yolk for the first month of life 
of the chick may have an appreciable influ- 
ence upon epizodtic, as well as enzodtic, 
patterns. It is highly probable that a pas- 
sive immunity derived from the yolk, rather 
than a natural or hereditary immunity as 
suggested by Iyer and Dobson®’, was re- 
sponsible for the refractive state among 
3- to 4- week-old chicks from hens which 
resisted artificial infection. The more re- 
cent reports generally confirm earlier obser- 
vations that, in the absence of experience 
with the Newcastle virus, there is a grad- 
ual, albeit slight, increase in resistance to 
the infection with advancing maturity. 

The possible influence of season on epizo- 
étiology of Newcastle disease has not been 
accorded sufficient attention. The infection 
has been observed to subside during the 
warmest periods. Nevertheless, suscepti- 
bility of the population and opportunity for 
infection would appear to be important 
factors, regardless of season. 

The relatively high tenacity of Newcastle 
virus_obviously favors indirect, as well as 
direct, dissemination of the disease. In this 
connection, the possible hazards of trans- 
mitting the infection through soil contami- 
nated by litter or irrigation water should 
tend to emphasize further the high resist- 
ance and high diffusibility of the virus. 
Wartime conditions unquestionably have 
favored or permitted the recent widespread 
and rapid dissemination of Newcastle dis- 
ease. The present situation accentuates the 
dire need for organized effective control 
measures to meet an increasingly serious 
situation. 


SUMMARY 


1) This paper is concerned chiefly with 
the epizodtiologic interpretation of various 


reports dealing with the occurrence and be- 
havior of Newcastle disease in widely sepa- 
rated areas previously not known to be in- 
fected. Certain recent outbreaks on the 
European continent and in the Western 
Hemisphere (United States) have been 
identified definitely as Newcastle disease. 
An epornitic in the Middle Congo resem- 
bling Newcastle disease in clinical, patho- 
logic, and epizoétiologic features is also 
considered. 

2) A possible expansion in host range of 
the Newcastle virus infection spectrum to 
include two species of parrots and, perhaps, 
francolins is suggested by the report from 
the Middle Congo. Ready direct and indi- 
rect transmission from pheasants to chick- 
ens has been recorded in Europe. 


3) Differences indicative of a somewhat 
increased, natural resistance with matura- 
tion in several avian species are recorded. 
Passive immunity conferred upon the chick 
via the egg yolk of the immune dam appears 
to be a factor which may modify the epizo- 
étiology of Newcastle disease. 

4) Further evidence is offered in these 
reports to indicate that traffic in live birds, 
contact with the offal as well as the exu- 
dates and excreta of infected birds, and 
dissemination by wild birds are the major 
factors in the spread of Newcastle disease. 

5) The dissemination of Newcastle virus 
infection to new foci and over large areas 
emphasizes again the high diffusibility of 
the disease and the importance of adequate 
diagnostic facilities and of comprehensive 
control measures. 
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The Comparative Pathology of Fowl Plague 
and Newcastle Disease 


E. L. JUNGHERR**, Vet. Dipl., D.M.V.; E. E. TYZZER®, M.D.; C. A. BRANDLY***, M.S., 
D. V. M.; and H. E. MOSES****, M.S., D.V.M. 


Boston, Massachusetts 


THE FIRST pathologic characterization of fowl 
plague or pest was given by Perroncito”, in 
1878, and enabled Rivolta and Delprato™, in 
1880, to describe the disease as a new entity 
under the name of “exudative typhus”. Many 
later students have recorded their pathologic 
observations on spontaneous and experimental 
cases with emphasis on gross alterations, ex- 
cept for the central nervous system, as 
brought out by the reviews of Gerlach” and 
Reis et al.” The corresponding characteriza- 
tion of Newcastle disease was first furnished 
by Doyle” in 1927 and, from the standpoint 
of histopathology, particularly by Fukushima 
and his coworkers”™, according to the review 
of Beaudette.‘ The North American equiva- 
lent of Newcastle disease, also known as avian 
pneumoencephalitis, was studied by Beach’, 
and Jungherr and Minard™ from the gross 
and histologic standpoint, respectively. While 
the principal differentiation of fowl plague 
and Newcastle disease rests now on well- 
established seroimmunologic grounds which 
may occasionally be misleading, as indicated 
by the report of Manninger®, certain similari- 
ties in the pathology of the two diseases have 
led to attempts at their pathologic identifica- 
tion, as shown by the recent report of 
Schiirmann”. 


The present communication is concerned 
with the pathologic phases of the studies 
on fowl plague and Newcastle disease, 
which have been outlined as to their gen- 
eral scope in a previous paper from this 
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laboratory’. The observations were made 
primarily on experimental cases in chickens 
and chicken embryos induced, in the case 
of fowl plague, with the Dutch East Indies 
(DEI) strain and the variants isolated 
therefrom and, in the case of Newcastle 
disease, with four European and five North 
American strains; they were supplemented 
in a few instances by material from spon- 
taneous Newcastle disease observed by one 
of the workers (E.L.J.). Emphasis was 
placed, in this work, on studying the basic 
pathology, primarily by means of detailed 
microscopic study of cases sacrificed at 
various stages of the disease. Although in- 
dividual birds may,be lacking in distinctive 
features, the essential pathologic picture 
was found to develop along different lines 
which permit separation of fowl plague and 
Newcastle disease on pathologic grounds. 
Literature pertinent to the pathologic 
phases will be mentioned in conjunction 
with the following sections; comprehensive 
reviews have been cited*®.®.4, 


FOWL PLAGUE 


The incubation period of spontaneous 
cases in chickens varied in the experience 
of Freese*! from three to five days, of 
Gerlach and Michalka** from three to seven 
days. In experimental] cases, the corre- 
sponding period was usually much shorter, 
of from twenty-four to thirty-six hours”, 
often causing death within the following 
twelve-hour period (Gerlach**). 


In the present study, the earliest evidence 
of the disease was usually observed within 
eighteen to thirty hours after inoculation 
with 100 or more minimal lethal doses of 
the fully virulent virus. Death occurred 
within the next twenty-four hours, with 4 
maximum of forty-eight hours. 


Symptoms.—The clinical manifestations 
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of the disease were characterized by Per- 
roncito®? as depression, cyanosis, polydip- 
sia, and hoarseness and were said to differ 
little from those of fowl cholera, except for 
the usual lack of diarrhea and bloody 
stools. Variations in symptoms were used 
by Maggiora and Valenti*’ to differentiate 
a typhoidal form characterized by somno- 
lence and agonal convulsions, an enteric 
form by egg-albumen-like feces, a nervous 
form by ascending paresis and rotary move- 
ments of head and neck, and a diphtheroid 
form characterized by mucofibrinous exuda- 
tion in the nasopharynx. While not adher- 
ing to the above subforms, Gerlach and 
Michalka** observed the majority of these 
clinical manifestations and added the occur- 
ence of subcutaneous edema of head and 
neck, swelling and petechiation of the con- 
junctivae, and incipient fever, followed by 
agonal hypothermia. In experimental cases 
with prolonged course, Beaudette, Hudson, 
and Saxe® observed vesiculation in the 
cranial appendages and edema in the tibio- 
tarsal region. 

In the present study, the initial evidence 
shown by White Leghorn chickens was a 
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decrease of sensitivity to sensory stimuli. 
During the brief course of the disease, 
general malaise became pronounced, togeth- 
er with conspicuous congestion of comb and 
wattles, their color gradually changing 
from a bright red to a deep bluish hue. 
Birds often sat with their eyes closed and 
the head resting on the breast or on the 
floor of the cage, a posture from which 
they could be aroused for brief intervals 
only. In contrast to appetite, the desire to 
drink remained the longest, with the result 
that birds frequently would fall asleep 
while drinking and let the water run from 
the mouth. During the terminal stages, the 
stools were commonly of mucoid character 
and stained by admixtures of urates and 
bile. The voice gradually changed from a 
shrill quality to a weak squawk, which often 
was the forerunner of terminal convulsive 
seizures. 

Prolongation of the course to a subacute 
or chronic form was observed in chickens 
partially immunized prior to exposure to a 
virulent challenge. Regardless of whether 
the disease terminated in recovery or 
whether death ensued within three to ten 


Text fig. |—Chronic fowl plague. Comb and wattle lesions. 
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days, birds so affected often showed small 
focal or confluent areas of necrosis on the 
comb and wattles. The persistence of in- 
appetence led to marked dehydration and 
loss of flesh and, in a minority of the cases, 
to severe torticollis and consequent starva- 
tion. In rare instances, the corneas showed 
focal or diffuse opacities. 

A variant strain (4395), isolated from 
the original Dutch East Indies strain, was 
capable of causing either transient illness 
or death of chickens exposed parenterally 
to large inoculums. While the course of 
the disease was similar to, though milder 
than, that in partially immunized and sub- 
sequently exposed chickens, the rate of sur- 
vival was considerably higher. 


Gross PATHOLOGY IN CHICKENS 


Since the disease was first recognized as an 
entity, in conjunction with negative bacteriol- 
ogic evidence, on pathologic grounds, this 
phase has found extensive consideration in the 
literature. Perroncito” stressed the fibrino- 
exudative features on the pleura, pericardium, 
peritoneal cover of liver, and other visceral 
organs, together with epicardial hemorrhages, 
especially in the interventricular sulcus, and 
hyperemia of the duodenum and the paren- 
ehymatous organs. Without correlation to the 
elinical forms, these lesions were, in general, 
confirmed by Maggiora and Valenti“, who 
were particularly impressed by the abundance 
of lemon yellow, pericardial fluid which jellied 
rapidly on exposure to air, and by predomi- 
nance of hemorrhages on the pleura, at the 
base of the large cardiac vessel, in the epi- 
cardium and endocardium, in the pancreas, 
and in the ventricular mucosa. Centanni”® ob- 
served primarily fibrinous inflammation of the 
pleura and pericardium, together with poor 
eoagulability of the blood, and small hemor- 
rhages, or ecchymoses, on the parietal pleura 
amd peritoneum. Both of the above mentioned 
Htalian investigators noted an enlarged fatty 
appearance of the liver. In central Europe, 
eontributions to the gross pathologic under- 
standing of the disease were made by most 
of the early observers, such as Scheurlen and 
Buhl® in Wiirttemberg, Liipke in Stuttgart“ 
Jess" in Charlottenburg, Greve” in Olden- 
burg, Enders” in Weissenfels a.d. Saale, 
Joest® in Frankfurt a.M., Lode and Gruber® 
in Innsbruck, Kiineman“ in Breslau, Krausz® 
in Hungary, and Calamida in Italy”. Hertel” 
and Leclainche* gave summaries of the early 
history of the disease. Ostertag and his asso- 
eiates"™ were among the first to subject the 
relative predominance of the various lesions 
in experimental cases to statistical analysis 


and, thereby, brought out the diagnostic im- 
portance of hemorrhages on the proventicular 
mucosa. This line of inquiry was continued 
by Freese”, who compared his material show- 
ing proventricular hemorrhages as the predom- 
inating lesion with that of Depperich, in 
which catarrh of the upper air passages 
ranked first. Pfenninger and Metzger” prob- 
ably made the most detailed statistical analysis 
of spontaneous and experimental cases, al- 
though on a relatively small number, and 
characterized the disease pathologically as a 
hemorrhagic diathesis. The more or less con- 
stant alterations consisted of hemorrhages in 
the proventricular, ventricular, and intestinal 
mucosae and in the subepicardium, of catar- 
rhal rhinitis, splenic tumor, cyanosis, and/or 
edema of head and appendages. Stubbs", in this 
country, reviewed the American reports and 
presented a similar tabulation of hemorrhagic 
lesions in tke glandular stomach, gizzard, ab- 
dominal fat, heart, intestine, inner surface of 
breast bone, and mouth, listed in a falling 
order of frequency. Gerlach” reémphasized 
the tendency toward hemorrhagic diathesis, 
without according it pathognomonic signifi- 
cance, and was supported in this contention 
by Carpano”, in Egypt, and others. 


In the present study, chickens that died 
of the acute form of fowl plague, revealed 
a variety of congestive, hemorrhagic, and 
transudative changes. Evidence of con- 
gestion was seen in the skin, in the cyanosis 
of comb and wattles, musculature, oro- 
pharynx, larynx, and trachea, and in the 
vascular bed of the abdominal viscera, par- 
ticularly around the pancreas. Punctiform 
hemorrhages were observed frequently in 
the coronary fat beneath the epicardium, 
especially of the left auricle, and around 
the roots of the large vessels. Similar lesions 
occurred with less frequency in the walls 
of the intestine and in the mucosae of the 
proventriculus and the cecal tonsils. If 
present, the intestinal] hemorrhages were 
discrete and scattered along the serosa of 
the intestinal tract, usually excepting the 
cecums; occasionally they were grouped in 
the region of the Peyer’s patches. Save for 
the latter instance, the hemorrhagic ap- 
pearance of the intestinal mucosa, which 
occasionally showed. small blood clots, was 
confined to the duodenum. The proven- 
tricular hemorrhages were either irregu- 
larly distributed or involved the tips of 
the papillae. Coalesced or elongated hem- 
orrhages often formed a band along the 
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anterior and posterior border of the pro- 
ventricular mucosa. Similar hemorrhagic 
areas, but perhaps congestive in nature, 
vere sometimes seen in the interventricular 
zone and beneath the ventricular cuticle. 
Less frequently, hemorrhages were ob- 
served on the visceral surface of the 
sternum, the adjacent pericardium, on the 
serous, usually the ventral, aspect of the 
ventriculi, near the intestinal attachment 
of the mesentery, and in the laryngo- 
tracheal lining. 

Transudative changes were less frequent 
than the foregoing lesions. They were 
manifested by moderate to severe edema of 
the lungs which, in conjunction with con- 
gestion and/or hemorrhage, brought about 
a degree of consolidation. In such cases, 
blood-stained mucus was found in the 
trachea. Excess amounts of pericardial 
fluid, jellying on exposure to air, were ob- 
served at times, also in a few cases, 
subcutaneous edema in the region of hocks, 
feet, breast, neck, and head. 


In the majority of the specimens, the 
spleen appeared small and anemic, often 
almost white except for stellate areas of 
capillary injection near the mesenteric at- 
tachment. 

A few cases failed to show gross abnor- 
malities. On the other hand, supposedly 
normal chickens occasionally showed hem- 
orrhages on the cecal tonsils, which facts 
cast doubt upon the pathologic significance 
of this lesion. 

Subacute or chronic cases induced by 
partial immunization prior to exposure gen- 
erally revealed dehydration or emaciation, 
depending on the course of the disease. The 
spleen and liver and, occasionally, the kid- 
neys and lungs showed focal, gray or yel- 
lowish, firm areas ranging from 0.5 to 4 
mm. in diameter. 

These foci were usually in the plane of 
the surrounding tissue, exceptionally slight- 
ly depressed or elevated, and presented a 
more or less triangular or semicircular cut 
surface. The splenic foci tended to show a 


METRIC 


Text. fig. 2—Chronic fowl plague. Multiple necrotic foci in liver and spleen of vaccinated chicken 
succumbing to challenge. 
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peripheral zone of congestion which en- 
hanced the contrast with the otherwise 
pale background. The number of lesions 
varied widely, that in the kidneys and lungs 
being usually small. Instead of foci, the 
liver occasionally showed yellowish arbori- 
zation. 

Chickens successfully vaccinated as shown 
by survival for two to three weeks follow- 


Text fig. 3—Fowl plague, variant virus infection in 
chicken embryo. Hemorrhages in wing muscula- 
ture, spleen foci at arrow tip. 


ing challenge exposure, or chickens injected 
with a variant virus, often showed com- 
parable focal lesions in some degree. 

Gross Pathology in Chicken Embryos.— 
Burnet and Ferry’? observed congestion 
and occasionally diffuse, never sharply 
limited, skin hemorrhages in embryos in- 
fected with fowl] plague. 

Inoculation of embryonating chicken eggs, 
regardless of age and route, with the DEI 
strain caused bright to dark red discolora- 
tion indicative of congestion of the embry- 
onic tissues, especially of the skin, less so 
of the musculature. Embryos 12 days old 
or older at time of inoculation also showed 
scattered punctiform hemorrhages in the 


skin and the skeletal musculature, and 
renal congestion. Some eggs receiving min- 
imal virus doses remained alive for several 
days and then were apt to show tumefac- 
tion of, and sometimes pinhead-sized, gray 
focal areas in, the spleen (text fig. 3) and 
rarely in the liver. It was from such spleens 
that variant viruses of the DEI strain were 
recovered. 

In further egg passages, a variant virus 
produced the same congestive and hemor- 
rhagic lesions as the parent strain, with 
the spleen lesions, however, occurring ir- 
regularly. The cranium was often swollen, 
apparently due to hemorrhage. Inoculation 
onto the chorioallantoic membrane often 
induced grayish plaques 1 to 3 mm. in 
diameter. 


HISTOPATHOLOGY 


Histopathology of Viscera.—Gerlach™ has 
pointed out the scarcity in the literature of 
reports on the microscopic pathology, except 
for references to negative bacterioscopic ob- 
servations. Centanni® was apparently among 
the first to interest himself in this subject. 
According to him, the heart showed granular 
disintegration of the myocardial fibers, sep- 
aration by edematous lacunae, perivascular 
heterophilic infiltration, and hydropie and in- 
filtrative lesions of the epicardial layer, inter- 
preted as severe myocarditis. The lungs 
presented congestion, hemorrhage, and cell- 
poor exudate in the bronchi. The changes in 
the kidneys and liver were characterized as 
parenchymatous nephritis and hepatitis, re- 
spectively. According to a detailed study by 
Gerlach and Michalka”, the myocardium 
showed hyperemia, hemorrhages, and peri- 
vascular infiltrates; lung lesions were char- 
acterized by round cell infiltration around the 
large bronchi anZ blood vessels, but rarely by 
cellular exudate in the alveoli; the liver 
changes, by extensive perivascular infiltration, 
chiefly lymphocytic in character, and by sim- 
ilar infiltrates mixed with heterophils, in the 
parenchymatous lobules. In addition, the liver 
showed focal, fatty metamorphosis, occasion- 
ally a few hemorrhages, and’ areas of poor 
stainability interpreted as necroses. The 
spleen was described as showing three types 
of lesions, namely, (a) subcapsular and par- 
enchymatous hemorrhages; (b) pulpal ne- 
crosis as expressed by disappearance—except 
at the periphery—of the follicular lympho- 
cytes; and (c) by fatty changes in the reticu- 
lar tissue. The kidneys exhibited hyperemic 
and hemorrhagic alterations, together with 
fatty and necrobiotic changes of the tubular 
epithelium and cellular infiltration in the in- 
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terstices or the glomeruli, summarized under 
the term of parenchymatous nephritis. From 
the following account, it will be. seen that 
most of the microscopic changes described 
were of nonspecific character, except for the 
splenic necrosis, which anatomically, however, 
was localized in the pulp whereas, in our ex- 
perience, it had its inception in the adenoid 
sheaths. The recent pertinent report of 
Yamagiwa and Niwa” was unfortunately not 
obtainable. 

In the present investigation, over 100 
experimental cases of different ages were 
examined. Whenever possible, samples of 
all common tissues for histologic study 
were collected from birds sacrificed in ex- 
tremis and fixed in Zenker’s fluid without 
acid, excepting for portions of the central 
nervous system which were preserved in 
10 per cent neutralized formol-saline. For 
routine purposes, paraffin-embedded tissues 
were stained with Mallory’s eosin methy- 
lene blue, later modified by the substitution 
of triosin for the eosin. Special stains were 
used from time to time: Tissue materials 
from normal control birds of comparable 
age were usually processed along with the 
pathologic material. For the purpose of 
defining wnat is believed to be the specific 
pathologic process, a brief description of 
common histoanatomical irregularities and 
actual pathologic lesions is necessary. 


Common Nonspecific Changes.—With the 
avian organism lacking organized lymph 
nodes, more or less variation in the distri- 
bution of microscopic lymph tissue is to 
be expected. Small lymphocytic aggregates, 
limited in size and number and without a 
definite capsule, were found quite regular- 
ly in the submucosa of the digestive tract, 
especially the esophageal portion of the 
proventriculus, and also in the periductal 
tissue of the renal medulla; in the hepatic 
nd corticorenal parenchyma, such aggre- 
ates were ordinarily rare, about 2 to 5 
er low power field, but became more nu- 
erous in older birds and also under the 
fluence of various pathologic stimuli. 
arge cell, encapsulated, lymphocytic ag- 
regates appeared more fixed in location 


nd were regularly encountered in massive _ 


roups in the Peyer’s patches of the stnall 
itestine and in the cecal tonsils, also in 
‘he submucosa of secondary bronchi, in 


isolated intestinal follicles, in the spleen, 
and elsewhere, but not in the liver or pan- 
creas. 

In the gut, particularly the cecum, it 
was not unusual to find isolated retention 
cysts in deep-seated glands, often filled with 
heterophil detritus. Although of obvious 
pathologic character, they were considered 
to be nonspecific with respect to the dis- 
eases studied. 

Heterophils were commonly seen in the 
splenic pulp of control birds, and occasion- 
ally in the form of plugs in the lumen of 
a secondary bronchus. 


In the kidneys of apparently healthy 
birds, the epithelium of the convoluted tu- 
bules ordinarily showed some portions to 
be pyknotic or mildly karyorrhectic, per- 
haps expressing a functional state, changes 
which could not be accorded pathologic 
significance. 

Specific Lesions.—The basic lesion, which 
was considered to be specific for experi- 
mental fowl plague induced by the DEI 
strain, consisted of not sharply delimited, 
but usually roundish, foci of necrosis in 
various organs. Recognizable under low 
power by their acidophilia, young foci 
showed poorly staining tissue cells and some 
infiltrating heterophils and extruvasated 
erythrocytes. At first, the cytoarchitecture 
appeared undisturbed, but the tinctorial 
quality of the tissue cells, save for that of 
the nucleoli, was markedly impaired. In 
well-developed foci, the tissue cells appeared 
swollen and vesicle-like; the cell membrane 
was usually prominent and the nucleus small 
and marginated, while the resulting large 
cytoplasmic space showed granules or glo- 
bules of varying degrees of eosinophilia. 
(fig. 10). Occasionally, in bizarre, over- 
sized cells, the granules were condensed into 
a few, sharply defined acidophilic inclu- 
sions. Whether these cytoplasmic granules 
originated entirely by way of precipitation 
within the cell or, in part, by phagocytosis 
of cellular débris remained uncertain; they 
differed, however, from _ well-recognized 
virus inclusion bodies by their tinctorial 


‘end morphologic variability. Similar oxy- 


philic bodies have been described in the 
hepatic cells of chickens infected with fowl 
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‘plague by Lepine and Sautter**, of mice by 
Levaditi and Haber*‘, and of ferrets by 
Findlay et al.?°. 

The necrotic foci which thus failed to 
show the features of pyknosis and karyor- 
rhexis in ordinary coagulative necrosis 
varied in number and location and usually 
occurred in a scattered fashion, rarely be- 
coming confluent. Areas with terminal ca- 
pillary circulation, such as the lacteal tis- 
sue of the intestinal villi, were loci of pre- 
dilection; the overlying epithelial tissue was 
often intact, which fact suggested a hem- 
atogenous, septicemic distribution of the 
causal agent. Although rarely numerous in 
a given organ, foci were found in a variety 
of organs such as spleen (fig. 6), lung 
(fig. 2), thymus (fig. 3), liver, gall bladder, 
kidney, heart (fig. 9), pancreas (fig. 4), 
proventriculus, intestine, comb and wattles 
(fig. 7), iris (fig. 8), and occasionally the 
gonads (fig. 5). Although a statistical an- 
alysis of the incidence of specific lesions 
was not deemed feasible, it was estimated 
that the spleen was affected in over three- 
fourths of the cases and other organs such 
as liver, lung, kidney, intestine, and pan- 
creas in a falling order of frequency. The 
incidence of specific lesions was definitely 
\ higher after a somewhat prolonged course 
qr the disease. The impression was gained 
*that failure to find specific lesions was more 


often attributable to insufficient search for, 
ather than actual lack of, such changes. 
It is known, however, that examination of 
ordinary nonserial histologic sections 
amounts to no more than random sampling. 

The spleen showed the highest incidence 
of the typical necrobiotic foci among the 
various organs. 

Normally, the spleen of the chicken is 
composed of more vor 'ess uniformly dis- 
tributed adenoid sheaths separated by pulp 
tissue. The sheaths, regarded as the func- 
tional equivalent of the Malpighian cor- 
puscles in the mammal, consist of a central 
arteriole surrounded by a well-defined zone 
of adenoid cells which are large and pale, 
with vesicular nuclei. The inner and outer 
border cells are often arranged in neat 
single rows. By appropriate staining meth- 
ods, an almost geometrically arranged net- 
work of concentric reticular fibers connected 
by delicate radical spokes can be shown to 
support this cell arrangement. Loose, small 
celled, lymphoid tissue is found in highly 
variable amounts in the pulp flanking the 
venous sinuses. Circumscribed lymphoid 
follicles, often composed of relatively large, 
hyperchromatic cells, occur in an irregular 
fashion in the pulp or in the adventitial 
tissue of the large blood vessels, but they 
are usually scattered over the field. They 
seem to increase in number with advancing 
age and to vary with the season. 


Description of Figures 


The figures in plates | to XII are photomicrographs of histologic sections from chickens or chicken 
embryos, taken through the courtesy of the U. S. Army Medical Museum, Washington 15, D. C. The 
number in brackets is that of the corresponding negative in the U. S. Army Medical Museum collection. 
Abbreviations: Fp. = experimental fowl plague; Nc. experimental Newcastle disease; i.v. = intra- 
venously; = intramuscularly; c.a.m.— chorioallantoic membrane; a.|.s.= allantoic sac. 


Plate | 

a Fig. | (94068)—Fp.. exposed i.v., exsanguinated after twenty-four hours. Lung showing peribronchial 
ny edema on left and marked pulmonary congestion on right. x 50. 
ae 4 Fig. 2 (94080) —Fp., exposed i.v., died in four days post-infection. Lung showing multiple necrotic foci 
a? (light areas) in alveoli around tertiary bronchus in center. x 50. 

S Fig. 3 (94073) —Fp. exposed intradermally, died in two days. Thymus showing large necrotic (light) 
; center with thrombosed capillaries (black); thyroid in left lower aspect. x 55. 

Se: Fig. 4 (94075)—Fp., vaccinated and exposed i.v., died in five days. Pancreas showing large necrotic 
x focus (light area) in upper center. x 55. 

3; Fig. 5 (94077}—Fp., vaccinated and exposed .v., died in six deys. Testicle showing complete necrosis 
| of epithelium in seminiferous tubules. x 145. 


." Fig. 6 (94079\|—Fp., vaccinated and exposed i.v., died in six days. Spleen showing numerous necrotic 
foci in adenoid sheaths permeated and rimmed by fibrinoid material. x 85. 
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Recent necrobiotic processes were found 
» attack the adenoid sheath cells in the 
anner described, leading to complete dis- 
rganization of the central arteriole. But, 
perhaps due to the nature of the tissue, the 
‘ell membrane soon appeared thickened, or 
a deposit was laid down in the intercellular 
spaces, thus inclosing the diseased cells in 
a network of nonfibrillar, homogeneous ma- 
terial which, for want of a better term, was 
called “fibrinoid.” Except in the spleen, this 
phenomenon was of infrequent occurrence. 
Some of the cases studied showed definite 
extravasation of red blood cells intermin- 
gled with what appeared to be fibrin net- 
work and coagulum. Red cells and necrotic 
cells were occasionally found enmeshed in 
the intensely staining network. In view 
of the peculiarities known to occur in the 
clotting of birds’ blood, it would appear 
plausible that the pathologic material in 
question was derived chiefly from blood 
plasma slowly separating into various con- 
stituents, with the pale staining material 
being coagulum derived from serum and 
with the intensely staining material rep- 
resenting contracted fibrin clot. 


Some support for this view was obtained 
by the application of special staining pro- 
cedures. In the routine eosin methylene 
blue stain, the pathologic material consisted 
of both acidophilic and basophilic bands in 
varying proportions, the former being ap- 
parently of more recent origin, according 
to the histories of the cases. This two-tone 
staining tendency was again reflected in 


special stains. In Masson’s trichrome prep- 
arations with brilliant green, the recent 
fibrinoid material stained orange similar 
to the cytoplasm of red cells, the older 
stained apple to olive green, in contrast to 
the emerald green of the arterial adventi- 
tia. With Mallory’s anilin blue, the cor- 
responding colors were’scarlet to vermillion 
red and dark gray to indigo blue, in con- 
trast to the ultramarine color of the ad- 
ventitia. The cytoplasmic deposits in the 
swollen necrotic cells usually took the color 
of the older deposits. 

It will be noted that the apparently rec- 
ent pathologic deposit stained somewhat 
like red cells and the older one like con- 
nective tissue. Otherwise, this fibrinoid 
material failed to give consistent staining 
reactions for neutral fat, amyloid (Benn- 
hold’s congo red, Mayer’s methyl violet), 
fibrin (Weigert’s fibrin and Gram’s stain), 
iron (Gomori’s iron stain), and for hemo- 
globin (Dunn-Thompson). Sections stained 
for reticulum, according to Foot. showed 
marked disruption of the fibers in the foci, 
but no broadening or proliferation, sugges- 
tive of reticulim derivation. Fat and iron 
(fig. 11), however, were found dispersed 
in phagocytic cells of the red pulp. 


The specific necrobiotic foci in the vari- 
ous organs were often accompanied by non- 
specific changes. Hemorrhages were found 
in the submucosa of the secondary pulmon- 
ary bronchi, in the alveolar tissue, in the 
proventricular mucosa, especially near the 
ductal termini of the parietal glands, in 


Plate Ii 


Fig. 7 (94070)—Fp., vaccinated and exposed i.v., clinically torticollis, died in sixteen days. Wattle | 
showing marked inflammatory edema in corium with vascular proliferation -nd thrombosis and super- ; 
ficial vesicle formation. x 55. 


Fig. 8 (94053)—Fp., vaccinated and exposed i.v., died in eight days. Eye showing large necrotic focus ' 
in iris; cornea above and lens below are normal. x 50. | 


Fig. 9 (94099)—Fp., vaccinated and exposed i.v., died in four days. Myocardium showing simple 
necrotic focus. x 110. 


Fig. 10 (94084)—Fp., vaccinated in yolk sac as chicken embryo and exposed i.v. when hatched, died 
in two days. Spleen showing necrosis. In upper center, a characteristic vesicular cell with marginated 
nucleus and globular mass in cytoplasm. x 1720. 


Fig. 11 (94031)—Fp., vaccinated and exposed j.v., died in eleven days. Spleen, Gomori iron stain, 
showing extensive hemosiderosis (black }in pulp. «x 85. 


Fig. 12 (94063)—Fp., brain same bird as fig. 1, showing focus of necrosis (pyknosis) to right of 
vessel. Believed to represent earliest recognizable lesion in central nervous system. x 265. 
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the thyroid, subepicardium, myocardium, 
and elsewhere. The lungs often showed 
marked edema and variable degrees of con- 
gestion, even in exsanguinated birds 
(fig. 1). These changes, in association with 
some proliferative changes, thickened the 
alveolar walls so as to amount to congestive 
consolidation. Exudative phenomena were, 
in general, not prominent, although some 
lungs showed coagulum and occasionally 
blood in the air spaces. At times, the peri- 
cardium and epicardium showed marked cel- 
lular infiltration chiefly mononuclear in 
character, a feature which also predomin- 
ated in the kidneys, where it was asso- 
ciated with hyaline and cellular cast for- 
mation in the tubules. The vicinity of the 
necrotic foci commonly showed marked ca- 
pillary congestion, edema, and occasionally 
fibrinous thrombosis. Particularly in sub- 
acute fowl plague, the comb and wattles 
(fig. 7) often presented superficial blisters 
or ulcers, the latter with overhanging walls, 
and usually associated with underlying 
necrotic foci and infiltration with inflam- 
matory cells and proliferation of capillaries 
and connective tissue. 

Histopathology of Immune Birds.—Sub- 
acute or chronic cases, which had a measure 
of resistance on account of some immuni- 
zation prior to challenge, revealed, in gen- 
eral, the same basic lesions, often more so, 
as the acute cases (fig. 4 to 11). In study- 


birds as shown by survival] and well-being 
after a subsequent challenge, several cases 
showed an unusual development of circum- 
scribed lymphoid follicles in the parenchy- 
matous organs, particularly the liver (fig. 
16), spleen (fig. 15), and the kidneys. These 
prominent follicles were either scattered or, 
more often, arranged in irregular groups 
and showed a definite connec e tissue cap- 
sule, sometimes surrounded, in part, by 
loose lymphoid tissue. 

This lymphofollicular reaction differed 
markedly from the normal pattern of lym- 
phoid tissue, already described, and was 
not observed in unchallenged vaccinated 
birds; it was, thus, collectively termed “fowl 
plague immune-challenge reaction.” That 
the immunity mechanism may be accom- 
panied by lymphoid hyperplasia was shown 
in rabbits by Ehrich and Harris’*. Further 
support for this interpretation was derived 
from the observation that some challenge 
survivors, particularly those suffering from 
minor degrees of malaise, showed localized 
necrosis (fig. 17 and 18) in addition to, and 
often in association with, the peculiar lym- 
phoid aggregates. These necrotic lesions 
were somewhat more sequestered from the 
healthy tissue than, but otherwise resem- 
bled the usual necrotic foci in, acute fowl 
plague. Consequently, this lesion complex 
was termed “partial fowl plague immune- 
challenge reaction.” 


ing tissues from successfully vaccinated 


In a series of 23 vaccinated birds, all of 


Plate III 


Fig. 13 (94082)—Fp., vaccinated and exposed i.v., died in seven days. Brain showing large necrotic 
focus in dorsal medulla with secondary glia reaction. The neurons are degenerated. To the left of the | 
large focus, a small focus of vascular infiltration. Overlying cerebellum normal. x 160. 


Fig. 14 (94501)—Fp., vaccinated and exposed i.v., died in eleven days. Cerebrum showing massive 
vascular and perivascular infiltration and pyknosis of the intervening glia cells. x 75. 


Fig. 15 (94052)—Fp., vaccinated and exposed i.v., killed twenty-one days post-infection, clinically and 
gross pathologically normal. Spleen showing numerous, closely spaced, large circumscribed lymphoid 
follicles indicating immune-challenge reaction. x 80. 


Fig. 16 (94083)—Fp., vaccinated and exposed i.v., killed twenty-one days post-infection, clinically and 
gross pathologically normal. Liver showing three large circumscribed lymphoid follicles surrounded by 
loose lymphoid tissue indicating immune-challenge reaction. x 60. 


Fig. 17 (94066)—Fp., vaccinated and exposed i.v., killed twenty-one days post-infection, clinically and 
gross pathologically normal. Kidney showing many well-defined lymphoid follicles separated by necrotic 
tissue. Partial immune-challenge reaction. x 55. 


Fig. 18 (94069)—Fp., inoculated with variant virus and exposed i.v., killed fourteen days post-infection, 

clinically and gross pathologically normal. Kidney showing large lymphoid aggregates around necrotic 

sequesters, a large one in lower center and a small one in right upper quadrant, indicating partial 
immune-chall reaction. x 110. 
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which had survived challenge for twenty 
to twenty-two days when sacrificed, evidence 
was found of immune reaction in 14, and of 
partial immune reaction in 7, or a total of 
21 (91%). From the pathologic standpoint, 
the 7 birds presented evidence of chronic 
fowl plague. Whether or not the former 14 
birds would have revealed minor necrotic 
foci in seria] sections was not determined. 
The histologic observations on fowl 
plague immune challenge reaction were later 
used as an additional means for the evalua- 
tion of various killed or live vaccines against 
a uniform challenge and will be discussed 
elsewhere. Briefly stated, there were def- 
inite variations in tissue response, express- 
ing different degrees of immunity obtained. 
While large scale histologic examination 
of vaccinated challenged birds would be 
impracticable, the method may have limited 
application. On the other hand, it is of bas- 
ic importance to know that a relatively 
large proportion of apparently healthy chal- 
lenge survivors bear the imprints of the 
struggle against the disease and are not 
normal birds in the ordinary sense. 


Histopathology of Central Nervous System. 
—Commencing with Centanni’s” observations 
on a specific semicirculitis in the labyrinth 
of experimentally infected pigeons, the atten- 
tion of investigators has been consistently 
drawn toward a histomorphologic explanation 
of the paresis which forms a part of the clin- 
ical picture of fowl plague. Kleine” and 
Kleine and Méllers™ first demonstrated, in 
intramuscularly infected geese, so-called fowl 
plague corpuscles, which were redescribed by 
Schiffmann™’* and Kraus and Schiffmann™ as 
fowl plague bodies and bodies with punctiform 
inner structure, but were regarded to be identi- 
cal with Kleine’s corpuscles by Ottolenghi”™. 
The latter author gave a well-illustrated, de- 
tailed description and considered the cor- 
puscles as derivatives of degenerated nerve 
cells, in distinction from Paltauf*, who 
thought them to be specific virus products. 


According to Gerlach”, these observations. 


were confirmed by Mattel. Prowazek” and 
Giemsa and Prowazek” demonstrated minute 
bodies in Giemsa-stained tease preparations 
of chicken brains, Miyaji® in Loeffler’s stained 
sediment of ultracentrifugates. While unable 
to find Kleine’s corpucles, Rosenthal® found, 
in the brains of chickens, small intracellular 
bodies representing degeneration products or 
protozoa and, in addition, also perivascular 
infiltrates. Joest™ and Pfenninger and Finik™ 
showed that fowl plague may lead to dissemi- 


nated, nonpurulent lymphocytic encephali:is, 
This may be accompanied by leptomeningiis, 
particularly if the course is prolonged. ‘he 
latter authors™ believed necrosis to be secon- 
dary to the focal encephalitic lesions. Sei- 
fried” and Findlay” reviewed the problem 
of the pathologic histology of fowl plague 
encephalitis and concluded that none of the 
observers had been able to demonstrate 
Kleine’s fowl plague corpuscles in chicken 
brains. Nieberle and Cohrs™ agreed with this 
view. Fukushima™ studied particularly the 
question of necrosis versus encephalitis in the 
chicken and recognized, aside from perivas- 
cular infiltration, endothelial and adventitial 
hyperplasia and neuronal changes, simple 
necrotic foci, large, vesicle-like cell aggre- 
gates, and combinations of the two. Rached* 
emphasized the occurrence of hemorrhayes 
between the cranial bones and the meninges 
and also in the brain, the latter corresponding 
to localized inflammatory centers in the 
arterioles with endothelial swelling and in- 
timal necrosis, as in human exanthematous 
typhus; he claimed to have found Schiffmann’s 
inclusions in about 3 per cent of the cases. 

In the present study, the earliest lesions 
were seen in a bird which had been ex- 
sanguinated twenty-four hours following 
intravenous inoculation. The changes oc- 
curred in the medulla and brain stem and 
consisted of discrete necrotic foci (fig. 12) 
of what probably represented pyknotic glia 
cells and naked erythrocytes. The usual 
typical lesion was represented by isolated; 
fairly large necrotic foci (fig. 13), resem- 
bling the predominant visceral type. Ad- 
vanced lesions showed marked encephalitic 
changes (fig. 14) such as vascular and 
perivascular infiltration, proliferation of 
capillaries, thickening of endothelium, 
spotty glia foci, neuronophagia, satellitosis, 
and neuronal degeneration. In many in- 
stances, these encephalitic changes remained 
rather localized, although by themselves 
covering a considerable area. There were 
rare foci of secondary encephalomalacia. 
No inclusion bodies were found. Since the 
lesions were of the necrotic type in the dis- 
ease of short duration, and of the encephal- 
itic type in that of prolonged duration, the 
inflammatory alterations appeared to repre- 
sent a secondary reaction to a necrotizing 
process. Thus, the basic pathology in ‘he 
brain seemed to parallel that of the visceral 
organs. 

Pathogenesis.—In further study of he 
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development of lesions, young male birds 
were inoculated intramuscularly with 100 
embryo m.l.d.’s of the DEI virus and sac- 
rifice or subjected to autopsy in pairs at 12- 
hour intervals. At the same time, 12 similar 
birds were inoculated with DEI variant 
virus (4395) and sacrificed at the same 
rate, except that the last. two pairs were 
killed after eighty-four and 108 hours, re- 
spectively. A pair of uninoculated controls 
was kept ir isolation near the experimental 
birds for the longest period of observation. 
The tissues collected for microscopic study 
showed the basic necrotizing lesions al- 
ready described. Contrary to expectation, 
the specific lesions induced by the parent 
virus and the variant virus were similar in 
nature and intensity. Except for the spleen, 
which again showed the highest involve- 
ment in both diseases, the distribution of 
the lesions among organic systems varied. 
The intestinal tract and the central nerv- 
ous system showed a predominance of le- 
sions in the parent virus disease, in con- 
trast to pulmonary and cutaneous lesions 
in the variant virus disease. The essential 
similarity in the pathologic expression of 
fatal, parent virus disease and clinically 
inapparent, variant virus disease left the 
cause of death in the former unexplained, 
unless visceroneurotropism of the fully 
virulent virus was the deciding factor. 


The quantitative results of this study 
have been presented in table 1. It will be 


seen that specific lesions in both the parent 
and the variant virus diseases were ob- 
served occasionally in the spleen twenty- 
four hours post-inoculation. Well-developed 
lesions were found in the parent virus dis- 
ease at thirty-six and forty-eight hours, 
and in the variant virus disease at eighty- 
four and 108 hours, an apparent delay of 
fifty to sixty hours. 


Histopathology of Embryonating Eggs.— 
Burnet and Perry” found the chorioallantois 
of chicken embryos inoculated with fowl 
plague virus to show few areas of proliferation 
in the ectoderm and some edema and inflam- 
matory changes in the mesoderm. They at- 
tributed the relatively mild, nonspecific 
changes to the extremeiy rapid course (14 
to 18 hours) of the disease in the embryo. 


For the purpose of the present histologic 
study, portions of the intact chorioallantois 
in its normal relation to the egg shell and 
shell membrane, of the “dropped” chorioa!- 
lantois, of the yolk sac, and occasionally of 
the amnion, and the whole embryo were 
fixed in formol-Zenker’s fluid for twenty- 
four hours after which time the embryo 
was cut into four to six transverse sections 
and fixed for an additional twenty-four 
hours. The majority of virus-inoculated em- 
bryos was examined in pairs at twelve- to 
24-hour intervals, depending on the expect- 
ed course of the embryonic disease, and 
processed in parallel with broth-inoculated 
controls. A total of 149 inoculated and 107 


TABLE |—Pathogenesis of Fowl Plague. Significant Histologic Lesions in Pairs of Cockerels Inoculated 
with Parent and Variant Virus 


Hours 


Inocu- exam. Proven- Intes- Cord 
lum post- Spleen Lung triculus tine Brain Comb 
inoculation 
virus 36 + + + + 
48 ++ — + — + — + + — 
Variant 
virus 36 +— + — + — 
4895 
48 +— + — 
84 + + — + 
108 + + + + + + fom ety einen + + 


— — = both birds negative; + — = 1 bird positive; + + = both birds positive. 
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control embryos were studied. Since con- 
gestive phenomena .were common in em- 
bryos which had died or had been killed 
by refrigeration, immediate exsanguination 
and fixation was practiced toward the latter 
part of the investigation. As described in 
detail by Burnet’, broth inoculation onto 
the chorioallantois induced lesions of vary- 
ing intensity, sometimes recognizable with 
the neked eye, which consisted of localized 
patches of hyperplastic ectoderm, accom- 
panied in the mesoderm by edema and pro- 
liferation of capillaries and fibroblasts, and 
by scattered hemorrhages and heterophilic 
infiltration, in brief, by the ordinary signs 
of subacute inflammation. Intravenous in- 
oculation with blood or serum induced ne- 
crotic sequesters in the embryonic spleen 
and nonspecific periosteal proliferation in 
the long bones, a phenomenon previously 
observed by Brandly®. 


In the study of the specific pathology of 
parent and variant virus disease in the 
chicken embryo, three variables were tested, 
namely, age of embryo at time of inocula- 
tion, route, and period post-inoculation. 
Pathologic alterations were regarded as 
specific on the basis of virtual absence in 
controls and of increasing intensity with 
lengthening post-inoculation periods. 

The chorioallantois, following inocula- 
tion of virus into the allantoic sac, as a 
rule, failed to show specific lesions. On the 
other hand, inoculation of parent and var- 
iant virus onto the membrane was followed 
in about one-fourth of the cases by the ap- 
pearance of shallow hemorrhagic ulcers in 
the ectoderm, filled with disintegrated red 


intensely congested and fibrotic zone of the 
mesoderm. Such lesions occurred only in 


cells and heterophils, and delimited by “i 


8- to 13-day-old embryos, but not in 16-day- 
old embryos, The variant virus disease with 
prolonged course occasionally induced mas- 
sive plaques (fig. 19). 

The embryonic lesions were characterized 
by multiple capillary hemorrhages, particu- 
larly in the skeletal muscles and in the 
spinal cord and brain, also in the visceral 
organs such as the myocardium and gizzard 
wall. They were especially striking in ex- 
sanguinated embryos. Both the parent (fig. 
20 and 22) and the variant virus sometimes 
induced such lesions within twenty-four 
hours, although usually delayed in the lat- 
ter. In the parent virus disease of young 
embryos, the pathologic response was about 
the same to either route of inoculation, 
while in that of older embryos, the response 
occurred chiefly after chorioallantoic in- 
oculation. In the variant virus disease of 
young embryos, muscle hemorrhages (fig. 
21) predominated after chorioallantoic in- 
oculation, and visceral ones after allantoic 
chamber inoculation; older embryos were 
practically refractive. 

NEWCASTLE DISEASE 

The great variability in the manifesta- 
tions of Newcastle disease, as observed in 
different parts of the world, has been ade- 
quately brought out by the comprehensive 
review by Beaudette*. For this reason, 
references to the literature will be confined 
to those having a direct bearing on the 
present findings and those post-dating the 
review. 

The present report was based on the ob- 
servation of approximately 2,000 inoculated 
and contact-infected experimental chickens. 
Virtually all the major manifestations 
which had been described by others were 


Plate IV 


Fig. 19 (94064)—Fp., embryonating egg inoculated c.a.m. with variant virus, killed seven days post- 
infection. Chorioallantois shcwing a large ectodermal plaque above and perivascular infiltration in 
mesoderm, x 155. 


Fig: 20 (94059)—Fp., 13-day-old embryonating egg inoculated a.l.s. Killed in twenty-four hours. 
Lumbar cord showing massive hemorrhages in gelatinous mass of rhomboid fossa. x 55. 


Fig. 21 (94065)—Fp., embryonating egg inoculated a.l.s. with variant virus, died in seven days. Numer- 
ous hemorrhages in longissimus dorsi group. x 55. 


‘Fig. 22 (94057)—Fp., embryonating egg inoculated a.l.s., died in twenty-four hours. Capillary, 
hemorrhages in thoracic cord. x 55. 
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seen. Marked variations in symptomatol- 
ogy, aside from individual and host factors, 
resulted from attempts at immunization, 
and particularly from quantitative differ- 
ences in infective dose, and from inherent 
differences in pathogenicity and organo- 
tropism of the various strains studied. 


The incubation period ranged from less 
than twenty-four hours to fifteen days in 
inoculated chickens, and from six to thir- 
teen days in birds exposed by contact. 


Symptoms.—In the acute experimental 
disease, initial dullness developed rapidly 
into marked depression accompanied by pro- 
gressive weakness. Diarrhea often ap- 
peared early, especially after Hertfordshire 
strain infection, being quite fluid and copi- 
ous with a subsequent increase in mucus 
content. With rapidly developing dehydra- 
tion, urates aad bile eventually constituted 
the major portion of the excreta. Cyanosis 
of the comb and soiling of the ventral fea- 
thers with feces were often prominent in 
the terminal stages. Advanced debility or 
complete prostration usually preceded death, 
which ensued after a course of twenty-four 
to forty-eight hours. 


Hyperpyrexia of uniform pattern and 
significant extent was demonstrated with 
the Hertfordshire strain, but not with the 
11914 strain from California. At thirty- 
six to forty-eight hours after inoculation, 
a definite rise in temperature was present 
which reached a peak of 1 to 1.5 degrees 
C. above normal by the seventy-second hour. 
The temperature was observed to drop pre- 
cipitously, in a number of cases, to as low 
as 35 C. just prior to exit. 


The subacute or chronic cases of experi- 
mental Newcastle disease were more com- 
mon with the strains isolated in this coun- 
try than with those from abroad. Partial 
or complete recovery occurred in a small 
minerity of subjects. With prolongation of 
the disease course, emaciation and symp- 
toms of peripheral, as well as central, nerv- 
ous system derangement increased in 
frequency. These nervous features predom- 
inated the infection with the American 
strains, as contrasted to the early, typical- 
ly septicemic or toxic expressions induced 
by the strains from England and Italy. The 


onset of symptoms with the several] Ameri- 
can strains was usually protracted. There 
was less evidence of toxicity, although the 
early nervous disturbances perhaps tended 
to mask these expressions. Most striking 
were the early signs of incodrdination or 
slight tremor or, without these forerunners, 
the suddenly developing, rapid, rhythmic 
twitching of one or more extremities or of 
the head and neck. Even after almost com- 
plete paresis and prostration, the muscle 
spasms were still quite prominent. Sub- 
jects showing these signs usually suc- 
cumbed within a few hours to several days. 
Less severe involvement of the nervous 
system was sometimes seen after small 
quantities of the more virulent viruses had 
been given or larger dosages of strains of 
low virulence, or especially when the ani- 
mal had ceveloped some measure of im- 
munity. In these individuals, leg and wing 
paresis or other aberrant attitudes includ- 
ing intermittent or persistent torticollis, 
opisthotonos, or emprosthotonos were not 
uncommon. Some cases still able to take 
food and water were apparently capable 
of surviving indefinitely. 


The symptom of gasping for air, a major 
characteristic in some outbreaks of natural 
infection’, was infrequently seen after ex- 
perimental parentera! infection. After res- 
piratory tract instillation, as well as after 
several passages by contact, gasping was 
common, which fact suggested the respira- 
tory avenue of infection to be the determin- 
ing influence for this symptom in the nat- 
ural and the experimental disease. 


Gross PATHOLOGY 


Chickens.—Necropsy of chickens repre- 
senting acute, subacute, and chronic forms 
of Newcastle disease showed a variety of 
pathologic changes chiefly hemorrhagic and 
inflammatory in nature. Some specimens 
were, however, entirely negative. As indi- 
cated by Picard®, the alterations in acv‘e 
cases were more definite than in subacute 
and chronic cases, but no single pathologic 
lesion served as a guide to the intensity of 
the clinical disease. Virtually all of the 
changes reported by other workers were 
encountered, but only the ones which m:y 
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serve to distinguish the several Newcastle 
strains studied will be mentioned here. 

The hemorrhages of varying size, degree, 
and extent which involved the mucosa of 
the proventriculus (text fig. 4) and, oc- 
casionally, the gizzard were more prom- 
inent and present with greater regularity 
in infection with the European strains 
(Hertfordshire and Italian) than with the 
several American strains. 

A significant feature, usually seen only 
in the European infections, was the hem- 
orrhagic necrotic involvement associated 
primarily with the lymphoid patches and 
follicles of the intestine, including the so-/ 
called cecal tonsils. These lesions were first 
reported for Newcastle disease by Craw- 
ford'* and recently characterized as bran- 
like diphtheritic ulcers of the large intes- 
tine by Orr and John". 

A comprehensive description of the 
development, location, and nature of these 
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intestinal lesions was given in the paper 
by Hecke*® who, however, interpreted them 
as new expressions of fowl plague infec- 
tion. Hemorrhages, largely punctate in 
character and apparently adjacent to mi- 
nute aggregates of lymphoid tissue, were 
seen scattered throughout the intestine 
(text fig. 5). Most striking and prominent, 
however, were the hemorrhages and early 
secondary necroses of the relatively large 
lymphoid patches, or plaques (text fig. 6). 
These lesions appeared as blue-red subser- 
ous foci of hemorrhage in the gut wall, par- 
ticularly in association with the single 
plaques in the lower duodenum, in the ileum 
caudad to the yolk stalk remnant, and in 
the portion of the ileum which lies between 
the cephalad parts of the cecums. The oth- 
er large lymphoid plaques in the upper 
jejunum and the cecal tonsils were also 
involved. With early secondary necrosis, 
the affected areas often assumed a mottled 


Text fig. 4—Acute Newcastle disease. Small and large hemorrhages 
in proventricular mucosa. 
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grayish or yellow-red color. The mucosal 
surface of the lesion revealed a circum- 
scribed diphtheroid patch (text fig. 6) vary- 
ing from dull red to gray-yellow or stained 
Jistinectly green by bile. These necrotic 


Text fig. 5—Acute Newcastle disease. Scattered 
hemorrhagic necrotic areas in jejunum. 


patches were detachable with difficulty, ex- 
cept in the more advanced stages, and left 
ulcers or large pits. 

While marked development of hemor- 
rhagic necrotic lesions of the intestine con- 
stituted an outstanding feature of the Eur- 
epean strains, it was interesting to note 
that Beach* recently found California 
strains of enhanced virulence, due to rapid 
embryo or chicken passage, to produce hem- 
errhagic lesions in the proventriculus and 
small intestine in the majority of the fatal 
cases. The occurrence of grossly recogniz- 
able intestina] lesions in our own material 
has been compiled in table 2, which shows 
the average incidence in cases induced by 
the European strains to amount to 63 per 
cent, in distinction from that in American 
strains of 24 per cent. 

Embryos.—Burnet and Ferry’® were the 
first to induce Newcastle infection of chick- 
en embryos, and to describe it. 

High dilutions of the several strains of 


TABLE 2—Occurrence of Gross Intestinal Lesions in 
Experimental Newcastle Disease 


Intestinal 
Number lesions 
Continent Strain total — 
cases No. % 
Hertford- 
1241 781 62 
Milano 2 ...... 23 13 56 
Europe Milano 4 ...... 2 1 50 
2 2 100 
Total 1268 797 63 
11914 Calif. .... 243 34 14 
© 145 51 35 
America C 331 98 29 
K&DN.JI 49 6 12 
31 0 0 
799 189 24 


Am. J. VET. REs. 


Hertfordshire virus, instilled upon the 
chorioallantoic membrane of 10- to 12-day- 
old embryos, frequently resulted in the de- 
velopment of a varying number of minute, 
fine, grey foci in the exposed portion of 
the membrane, or of plaque-like grey thick- 
enings with satellite’ foci. These lesions 
were identical with those described for 
Newcastle disease by Burnet’. 

In our experience, distinct petechial, or 
slightly larger, hemorrhages of the embryo 
occurred quite commonly with the 11914 
strain, less frequently with the several oth- 
er strains studied (text fig. 7). 

Congestion of the feet and skin varied 
in extent from slight to moderate, in con- 
trast to the pronounced congestive phe- 
nomena which characterized the fowl plague 


Text fig. 6—Acute Newcastle disease, 

Typical hemorrhagic necrotic involve- 

ment of lymphoid patch posterior to yolk 
stalk. 
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infection studied by us. The skeletal mus- 
cle hemorrhages (text fig. 3) so prominent 
in older embryos infected with fowl plague 
virus were grossiy absent in the embryos 
infected with Newcastle virus strains. 
Quite infrequently, these embryos showed 
marked cranial hemorrhage or “hemorrha- 
gic encephalitis” (text fig. 8). 

This lesion, described for Newcastle dis- 
ease (Burnet®) and for severa! other vi- 
ruses, apparently was not correlated with 
any particular route or dosage factor. 

Quite interesting, and characteristic of 
Newcastle infection, was the gross con- 
gestive and hemorrhagic involvement of 
the yolk sac in a considerable proportion 
of specimens (text fig. 9). In contrast, 
significant congestion or hemorrhage of the 
yolk sac was not seen in fowl plague, pox, 


castle disease failed to find microscopic 
changes of importance*. The most exten- 
sive report was that of Fukushima, Shimo- 
mura, and Oyama** and Fukushima and 
Shimomura** who studied the visceral as 
well as the neural histopathology. Among 
the internal organs, ‘hese authors described 
the occurrence of pericarditis, focal ne- 
crosis of the liver, hyperplasia of the in- 
testinal lymphoid patches with occasional 
necrosis, and hyaline degeneration of the 
splenic follicles with development of net- 
like homogeneous masses. The central nerv- 
ous system lesions were characterized as 
perivascular infiltrates, honey-combed ap- 
pearance of degenerated neurons, and as 
gliosis near the altered neurons. Prior to 
the immunologic identification of Newcastle 
disease with avian pneumoencephalitis’, 


Text fig. 7—Newcastle infection in chicken embryo. Numerous petechiae and ecchymoses in dorsal 
body surface. 
Text fig. 8—Newcastle infection in chicken embryo. Cranial hemorrhage, so-called herhorrhagic 
encephalitis (rare). 


bronchitis, and laryngotracheitis virus in- 
fections of the chicken embryo. Slight to 
moderate, diffuse congestion of the yolk 
sac Was commonly accompanied by a similar 
degree of congestion and hemorrhage in 
the embryo. At times, however, the yolk 

congestion was quite definite, while 
changes in the embryo itself were negligi- 
ble. Marked congestion and hemorrhage of 
the yolk sac appeared to minimize the de- 
gree of congestion of the embryo. 


HISTOPATHOLOGY 


Several of the early investigators of New- 


Jungherr and Minard** found the latter dis- 
ease to be characterized by catarrhal 
tracheitis and sacculitis, rare focal ne- 
crosis of the liver, and hyaline necrosis in 
the spleen; and, neuropathologically, by oc- 
casional perivascular infiltrates, vacuolo- 
fibrillar degeneration of the neurons, and 
by widespread focal gliosis in the cord and 
brain stem. The striking similarity in the 
independent histopathologic descriptions of 
Newcastle disease and pneumoencephalitis, 
together with the predominance of visceral 
lesions in the former and respiratory nerv- 
ous lesions in pneumoencephalitis, was 
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pointed out by Jungherr**. In a recent his- 
tologic study of atypical fowl pest, con- 
sidered to be Newcastle disease, Schiir- 
mann® found, primarily, hemorrhages in 
various visceral organs, catarrhal and fib- 
rinodiphtheritic tracheitis, focal diphtheroid 
enteritis, and perivascular cuffs in the 
brain, accompanied by endothelial and ad- 
ventitial proliferations and occasional 
necrotic foci; he cited these lesions in sup- 
port of his contention of dealing with atyp- 
ical, but true, fowl plague, perhaps caused 
by a variant virus. 


In the present investigation, over 160 
experimental cases of Newcastle disease in- 
duced by various strains were examined. 
The methods and interpretations were sim- 
ilar to those used in the fowl plague studies. 
The lesions considered to be characteristic 
of various strains of Newcastle disease var- 
ied with the organ involved. They were 
essentially necrotizing in nature in the 


spleen, intestine, liver, gall bladder, and 
heart, and of a proliferative character in 
the lung, iris, and central nervous system. 
The serous membranes of the thoracic and 
abdominal cavities presented secondary 
changes of inflammation and cellular in- 
filtration. 

Spleen.—Necrotic foci in the spleen (figs. 
29, 30, 32) were qualitatively indistinguish- 
able from those described in fowl plague 
and from those in spontaneous cases of 
Newcastle disease (fig. 31). Their inci- 
dence in the latter disease induced by vari- 
ous strains varied widely from high, in the 
Hertfordshire and Italian strains, to rare, 
in the California and New Jersey strains. 


Intestine.—Hemorrhagic necrotic foci in 
the Peyer’s patches, cecal tonsils, and 
lymph follicles, which constituted such an 
outstanding gross feature of the European 
strains, were observed also in the corres- 
ponding histologic material, but rarely in 


Text fig. 9—Yolk sac of embryonating egg infected with Newcastle disease. Severe 
congestion and hemorrhage (common). 
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that of the American strains. A notewor- 
thy example was a bird which had been 
exposed by contact to California strain 
11914 and was killed after one week of 
obvious sickness. 

The necrotic foci in the intestinal tract 
isually occurred near or in the normal 
lymphoid aggregates but did not necessar- 
ily have their inception there, since recent 
foci (fig. 38) have been observed in the 
interfollicular tissue of intact lymphoid fol- 
licles. Affected tissue cells underwent 
cytolytic changes very similar to those de- 
scribed for fowl plague, with the exception 
of the sharply defined eosinophilic globules 
which have not been seen in Newcastle dis- 
ease, 

Well-developed foci were usually situated 
in the subepithelial region of the mucosa 
and often bulged into the lumen to the point 
of bringing about occlusion. The center of 
the focus was characterized by complete 
cell necrosis and by conspicuous hemor- 
rhages, while the border region showed in- 
tense capillary congestion and extravasa- 
tion. The foci tended to produce a partial 
slough of the affected mucosa which was 
often overlaid by serous exudate containing 
bacterial clumps; the foci usually reached 
to, but rarely beyond, the muscularis muco- 
sae. Advanced cases (fig. 39) involved most 
of the intestinal wall but left the serosa 
curiously intact, although the adjacent me- 
sentery sometimes showed capillary conges- 
tion and extravasation. 

Liver, Gall Bladder, Heart, and Proven- 
triculus.—Necrotizing and hemorrhagic le- 
sions were occasionally observed in these 
organs (fig. 35, 34, 33, 37), usually in or 
near lymphoid aggregates. The proventric- 
ular mucosa often showed discrete hernor- 
rhages, especially near the duct openings 
of the parietal glands. 

Pulmonary Lesions.—The lesions in the 
lung were primarily proliferative and sec- 
ondarily exudative, in character. The for- 
mer type was represented by hypertrophy 
and hyperplasia of the alveolar wall cells, 
i. €., the epithelial covering, the endothelial 
lining of the capillaries, and the connective 
tissue septums in the thicker portions of 
the wall. That actual multiplication (hyper- 
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plasia) of the cells had occurred was sug- 
gested by the relatively numerous mitotic 
figures observed. The proliferative process 
brought about partial or complete oblitera- 
tion of the alveolar spaces with consequent 
consolidation and interstitial pneumonia. 
Recent lesions involved, primarily, the basal 
zone of the alveoli away from the lumen of 
the corresponding tertiary bronchus. Well- 
developed lesions comprised several adjac- 
ent groups of lobules, without becoming 
lobar in character (fig. 23 and 25). While 
the consolidated areas were relatively 
bloodless, the border zones usually showed 
intense capillary congestion. Spontaneous 
cases sometimes presented a similar pic- 
ture (fig. 24). 

The exudative lesions consisted of cellular 
and serous accumulations in the peribron- 
chial alveoli with extension into the lumen 
of the regional tertiary bronchus (fig. 26). 
The exudate was composed of various types 
of desquamated pulmonary cells, including 
swollen, vacuolated (foam) cells, and of 
disintegrating heterophils and _ erythro- 
cytes. 

Advanced lesions showed marked disor- 
ganization and breakdown of the alveolar 
walls, while sharply defined areas of ne- 
crotizing pneumonia were observed, pri- 
marily, in birds infected with the Ameri- 
can strains via the respiratory route (fig. 
27). This may indicate both a special pneu- 
motropism of these strains and an expres- 
sion of inoculation trauma. The exudative 
lesions differed from those seen at times in 
normal birds by their necrotizing effect 
upon the surrounding tissue. 


Serous Membranes and Iris.—The pul- 
monary and abdomina] air sacs exhibited 
secondary inflammatory changes, which 
were characterized by edema, mononuclear 
and some heterophilic infiltration, accom- 
panied by metaplastic thickening of the 
mesothelium. In one case, a typical necrot- 
ic focus was found in an abdominal air sac 
(fig. 28). The serositis of the pulmonary 
air sacs had a marked tendency to progress 
to the pericardium and visceral epicardium 
with consequent pericarditis. Subacute or 
chronic affection in the air sacs was signi- 
fied by fibroblastic proliferation. Similarly, 
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the iris (fig. 40) occasionally showed cel- 
lular infiltration. 

Pancreas.—Although this organ was not 
usually implicated in the pathologic process, 
infection with New Jersey strains were 
quite often accompanied by an interstitial 
pancreatitis (fig. 36). In the affected areas, 
the acinar lobules appeared reduced in 
size and separated by edema and/or pro- 
liferated interstitial tissue, of which some 
portions were acidophilic and necrotic, while 
others showed dense cellular, chiefly lym- 
phocytic, infiltration. 

Histopathology of Immune Birds.—Al- 
though lesions comparable in distinctness 
and regularity to the fowl plague immune- 
challenge reaction were not recognized in 
Newcastle disease vaccinated and chal- 
lenged survivors, the occurrence of resid- 
ual lesions, such as scattered, gray foci in 
the spleen, in the liver, and particularly 
focal fibrosis in the air sacs, in a propor- 
tion of birds immune to Newcastle disease 
has been repeatedly observed on gross ex- 
amination. In connection with the eleventh 
evaluation of Newcastle disease vaccines 
having an initial pH of from 5 to 9, lung, 
spleen, and kidney tissues of 37 survivors 
were examined histologically. Of 19 sur- 
vivors challenged fourteen days post-inocu- 
lation, 10 revealed residual lesions, the 
smallest number falling into the pH 6 
group; of 18 challenged forty-nine days 
post-inoculation, 10 were affected, with the 
least number of lesions in the pH 7 group. 
There was a closer correlation of the his- 
tologic evaluation with the neutralization 
titer than with the number of survivors. 

The residual lesions varied with the or- 


gan involved. In the lung, they consisted 
of focalized areas of consolidation, often as- 
sociated with fibrosis, particularly if in a 
subpleural position. Exudative lesions were 
more common than in normal birds. The 
disease process appeared to be arrested and 
quiescent. 

In addition to the pneumonic process, 
there seemed to be an increase of non- 
circumscribed lymphocytic aggregates, par- 
ticularly in the liver and the kidneys. Foc- 
alized necrosis was observed only once in 
the spleen of a bird which had received 
vaccine of pH 9. 

The kidneys in affected birds quite often 
showed considerable areas of tubular de- 
generation and regeneration, which sug- 
gested a definite strain on renal function 
during immunization, These areas were dis- 
tinguished by a certain degree of basophilia 
under low power. They tended to occur near 
the surface, which was often retracted, and 
extended in the form of cones or anastomos- 
ing bands into the medulla. Affected groups 
of tubules showed either vacuolation or nar- 
rowing of the lumens due to proliferation 
of the epithelia] lining and some peri- 
glomerular and interstitial fibrosis. 

Brain and Cord.—The central nervous 
system lesions were similar to those prev- 
iously described in the literature **, 2%, °°, 
Recent lesions sometimes showed only 
thickening and proliferation of the vascu- 
lar endothelium accompanied by early neu- 
ronal changes, while the characteristic glia 
clumps were more common in older lesions. 
Similar changes were observed in field cases 
(fig. 44). The lumbar cord (fig. 43), me- 
dulla, and cerebellar nuclei (fig. 41) seemed 


Plate V 


Fig. 23 (94087)—Nc., exposed intratracheally, killed in three days. Lung showing interstitial pneu- 
monia in central and lower lobules, while upper lobules are normal except for capillary congestion. x 55. 


Fig. 24 (94098)—Nc., field case in adult bird. Lung showing interstitial pneumonia in central and 
adjacent lobules, while upper lobules (dark area) are normal except for congestion. x 55. 


Fig. 25 (94090)—Nc., exposed by contact, killed in four days. Lung showing almost entire right half, 
except for dorsal margin, in state of consolidation, due to interstitial pneumonia. Note marked 
capillary congestion. Left half of field normal except for serous exudate in peribronchial alveoli. x 55. 


Fig. 26 (94032)—Nc., inoculated into respiratory tract, New Jersey strain, killed in five days. Lung 
showing peribronchial pneumonia and bronchial exudate. x 50. 


Fig. 27 (94033)—Nc., inoculated into respiratory tract, New Jersey strain, killed in two days. Lung 
showing widespread interstitial pneumonia and massive subpleural necrotic sequester (dark) in upper 
center. x 50. 
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to be loci of predilection. Gila foci in the 
cerebellar molecular layer were common in 
both experimental and field (fig. 42) cases; 
by themselves, they were indistinguishable 
from those occurring in avian encephalo- 
myelitis (epizoétic tremor), but occurred 
unassociated with marked perivascular 


cuffs and axonal reaction in the neurons, as — 


well as circumscribed lymph follicles in 
the pancreas and other viscera, charac- 
teristic for the latter disease. 

On the whole, the neurologic alterations 
were more widespread than in fowl plague 
but never so massive, nor were they as- 
sociated with necrobiosis. 

Uninoculated control birds sometimes 
showed minor glia foci. That isolated peri- 
vascular cuffs were not uncommon jin nor- 
mal birds was known. The occurrence of 
glia foci qualitatively indistinguishable 
from those in neurotropic Newcastle dis- 
ease was contrary to our previous exper- 
ience. Whether this alteration was due to 
a peculiarity of the experimental stock or 
of the environment must be decided on out- 
side specimens. However, in most instances, 
it was possible to recognize nonspecific 
changes on the basis of paucity and lack 
of concomitant encephalitic changes. 

Pathogenesis.—The fact that immuno- 
logically identical strains of Newcastle 
virus vary widely in their pathologic ex- 
pressions has given rise to confusion in the 
literature. If artificial routes of infection 
may be considered comparable to natural 
exposure, the results of the pathogenetic 
studies with various strains, and by differ- 
ent routes, provided an insight into the 
pathologic potentialities, hitherto vaguely 
suspected. Due to late arrival, the Italian 
strains were studied incompletely. 
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The methods used were similar to those 
in the corresponding study of fow! plague 
and involved the examination of 68 infected 
birds and 14 controls. Although 2 birds 
per unit of observation would not be ex- 
pected to give statistically reliable data, 
the main pathologic trend over the com- 
bined observational period seemed to be 
highly significant. 

To permit comparison of the essential 
strain characteristics, the entries in table 
3 were limited to lung, abdominal viscera, 
and central nervous system, although about 
20 tissues per bird were examined. 

From perusal of table 3, it will be seen 
that the Hertfordshire strain showed de- 
cided enterotropism irrespective of the 
route, with the lesions developing within 
forty-eight hours post-inoculation. The 
spleen showed extensive necrosis in all suf- 
ficiently advanced cases. Limited pneu- 
motropism was evident somewhat earlier 
after intratracheal than after intramuscu- 
lar injection. No evidence was obtained for 
neurotropism under these particular condi- 
tions, although mortality prevented obser- 
vations beyond the 96-hour period. 

The Italian strain, as far as it has been 
studied, manifested a somewhat prolonged 
course, but otherwise behaved exactly like 
the Hertfordshire strain and would have 
been easily identifiable on pathologic 
grounds. 

California strain 11914, on intramuscular 
injection, failed to exhibit pneumotropism 
or enterotropism, but was decidedly neuro- 
tropic almost during the entire course of 
the disease. If injected, however, via the 
respiratory route, almost the reverse pic- 
ture was obtained, namely, severe pneumo- 
tropism beginning in the early stages of 


Plate VI 


Fig. 28 (94035)—Nc., exposed via respiratory tract, New Jersey strain, killed in seven days. Air sac 
showing thickening and cellular infiltration with necrotic sequester in center. x 60. 


Fig. 29 (94029}—Nc., exposed i.m., Hertfordshire strain, killed in three days. Spleen showing massive 


necrosis of adenoid sheaths and fibrinoid deposits (black). x 50. 


Fig. 30 (94025)—Nc., exposed i.m., Hertfordshire strain, died in six days. Spleen, Mallory's aniline 
blue stain, showing massive fibrinoid deposits (dark). x 85. 


Fig. 31 (94100)—WNc., field case in adult bird. Spleen showing early necrosis of adenoid sheaths and 
fibrinoid (dark) deposits, similar to experimental cases. « 235. 


Fig. 32 (94085)—Nc., exposed i.m.. Hertfordshire strain, died ia six days. Spleen, Mallory's aniline 
blue, showing typical large signet ring cells of early necrosis, x 1,720, 
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the disease with neurotropism not becom- 
ing evident for five days post-inoculation. 
Neither in the intramuscular nor the intra- 
tracheal lot was splenic involvement ob- 
served, although such was seen at other 
times. 


enterotropic potentialities, as expressed by 
necrosis of spleen and intestine, but with 
limited affinity for the respiratory tract 
and virtually none for the central nervous 
system. By contrast, the American strains 
showed predominance of neurotropism or 


TABLE 3—Pathogenesis of Newcastle Disease. Significant Histologic Lesions in Pairs of 
Cockerels Inoculated with Various Strains 


Hours England Italy California New Jersey 
exam. (Hertfordshire) (Milano) (11914) (K & D) 
Route post- — 
inocu- Abd. Cord Abd. Cord Abd. Cord Abd. Cord 
lation Lung Viscera Brain Lung Viscera Brain Lung Viscera Brain Lung Viscera Brain 
48 + Ss — — + - 
muscular 96 +— +t — + + + GH 
120 + + + - ~O- + 
144 + + —— + + 
24 + + — +— 
Intra- 72 +— +4 — ++ —— — ++ + 
120 + + + 
144 + + - -- 


—-— =x both birds negative. 
+— = 1 bird positive. 


The New Jersey strain, on intramuscular 
injection, showed moderate pneumotropism 
and neurotropism, both developing some- 
what late, in conformity with the relatively 
low virulence of this strain. Splenic in- 
volvement was seen occasionally after par- 
enteral inoculation. Intratracheal injection 
accentuated markedly the pneumotropic 
character of this strain and, to some extent, 
also its neurotropic potentialities. The 
vestiges of enterotropism disappeared, and 
the spleen was left intact, under the par- 
ticular experimental conditions. Both spleen 
and pancreas were occasionally affected in 
routine specimens. 


In toto, these studies showed European 
strains to be endowed with remarkable 


+ + = both birds positive. 
Blank space = not done. 


pneumotropism depending upon parenteral 
or intratracheal injection, respectively, 
while enterotropism was primarily express- 
ed by occasional involvement of the spleen. 


Histopathology of Embryonating Eggs.— 
In the study of the pathology of Newcastle 
disease in chicken embryos, essentially the 
same considerations and methods were em- 
ployed as in that of fowl plague. One Euro- 
pean (Hertfordshire) and one California 
strain (11914) were tested comprehensive- 
ly on embryos 10 to 13 days old at time of 
inoculation, while the work was limited on 
older embryos and on an Italian strain 
(Milano). The investigation comprised the 
examination of 112 infected embryos. The 
107 broth-inoculated embryos served as con- 


Plate VII 


Fig. 33 (94027)—Nc., exposed i.m., Milano strain, killed in six days. Heart showing massive sub- 
epicardial hemorrhages. x 85. 


Fig. 34 (94024)—Nc., exposed via respiratory tract, Hertfordshire strain, killed in seventy-two hours. 
Gall bladder showing necrotic sequester in mucosa and submucosal infiltration. x 75. 


Fig. 35 (94039)—Nc., spontaneous laboratory case. Liver showing large necrotic sequester ringed by 
giant cells, perhaps due to complication. x 95. 


Fig. 36 (94036)—Nec., exposed via respiratory tract, New Jersey strain, killed in six days. Pancre: 
showing iriterstitial infian.matory edema (light areas) accompanied by cellular infiltration. Intorstitial 
pancreatitis. x 75, 


= 
| 
| | 
| 
| 
\, 
> 
| 
| 
| 


~ 


ANS 
& 
(278) 
e 


fuLY, 1946 


trols for both fowl plague and Newcastle 
disease studies. 

Burnet and Ferry'® have reported New- 
castle virus, if inoculated on the chorioal- 
lantoic membrane, to cause patchy ecto- 
dermal proliferation leading eventually to 
vacuolation and necrosis, accompanied by 
edema and cellular infiltration of the meso- 
derm and variable proliferation of the ento- 
derm. In the ectoderm, they occasionally 
observed fuchsinophilic inclusion bodies, the 
specificity of which was later disclaimed’. 


In the present investigation, chorioallan- 
toic changes of possible significance were 
found primarily in older embryos inoculated 
with the Hertfordshire strain, but were 
always difficult to differentiate from nonspe- 
cific lesions. The embryonic lesions con- 
sisted of hemorrhages in the skeletal mus- 
cles and the central nervous system with 
significant predominancy in the latter loca- 
tion for the neurotropic (California) strain. 
The Italian strain caused pulmonary 
hemorrhages not seen otherwise. 


Chorioallantoic Lesions.— The changes 
corresponded largely to those occurring in 
broth-inoculated controls, but- were more 
intense in some instances (figs. 45 and 47). 
The inoculation of the Hertfordshire strain, 
in particular, onto the membrane of 16-day- 
old embryos (figs. 48 and 49) seemed to 
induce localized patches which were char- 
acterized by pock-like proliferations (minus 
the specific balloon-like degeneration of 
fowlpox lesions) of the ectodermal epith- 
elium. It is possible that the relatively slow- 
er progress of the disease in older embryos 
permitted the development of more promi- 
nent lesions. Occasionally, the underlying 


- mesoderm, aside from the usual inflamma- 


tory changes, showed epithelial pearls (fig. 
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46) of displaced ectoderm, a feature which 
is prominent in corresponding laryngo- 
tracheitis lesions. Yet, on the whole, there 
seemed to be no certain criterion which 
would have permitted the differentiation 
between lesions of Newcastle virus and 
those that were broth induced. 

Yolk Sac.—Less striking than the gross 
appearance (text fig. 9), the microscopic 
changes of the yolk sac consisted primarily 
of engorgement of the blood vessels so that 
they projected over the surface (fig. 50), 
and of isolated hemorrhages (fig. 51). 

Embryonic Lesions. — Virus-inoculated 
embryos were characterized by multiple 
capillary hemorrhages in the skeletal mus- 
cles and the spinal cord, occasionally in the 
viscera. The lesions could not be dis- 
tinguished with certainty from those in 
fowl plague. Allantoic sac inoculation of 
young embryos produced muscular lesions 
(fig. 52) more frequently than chorioallan- 
toic inoculation. The California strain 
11914, irrespective of the route, produced 
marked spinal hemorrhages (figs. 55 and 
56) in young embryos, which fact may be 
an expression of neurotropic potentialities. 
Massive hemorrhages in the cerebrum (fig. 
54), corresponding to the gross picture of 
hemorrhagic encephalitis®, have been seen 
occasionally. 

Although only 8 embryos inoculated on 
the chorioallantois with the Milano strain 
were examined, 3 of them, including 2 sac- 
rificed ones, showed severe pulmonary hem- 
orrhages. There was copious unilateral 
hemorrhage into the pleural cavity (fig. 
53), causing compression of the lung and 
a pool of blood in the pulmonary tissue 
aside from capillary congestion and extra- 
vasation. In our experience, this lesion was 
unique for the Milano strain. 


Plate VIII 


Fig. 37 (94040)—Nc., California strain C, killed in three days. Proventriculus showing hyaline necrotic 
foci (dark areas), in parietal glands. x 50. 


Fig. 38 (94037)—Nc., exposed i.m., Hertfordshire strain, killed in five days. lleum showing early 
necrosis with occasional capillary thrombosis in left and lower central aspect of mucosa. x 450. 


Fig. 39 (94038)—Nc., exposed i.v., Hertfordshire strain, died in fifteen days. Cecal tonsil showing 
complete necrosis with hemorrhages. x 50. 


Fig. 40 (94103)—Nc., exposed i.m., Hertfordshire strain, exsanguinated after eleven days. Eye showing 
widespread cellular infiltration in iris, while cornea above is normal. x 55. 
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DISCUSSION 


Although fowl] plague has long been rec- 
ognized as a specific disease, the degree of 
characterization has not been such as to 
preclude its being mistaken for other dis- 
eases. This has been particularly true with 
respect to the atypical or less acute forms 
first observed in enzoétic areas in Italy and 
later in Egypt. The possibilities for er- 
roneous diagnosis have been enhanced by 
the worldwide recognition of Newcastle dis- 
ease during the last two decades which, 
per se, has shown highly variable manifes- 
tations, some of which are shared with 
those of fowl] plague. 

In view of this state of affairs, it was 


comparative pathology of fowl plague and 
Newcastle disease would contribute to the 
clarification of the underlying pathologic 
concept. Although the necessity of virologic 
diagnosis is universally acknowledged, in 
the absence of corresponding facilities, 
recognition by pathologic means forms the 
first line of defense against these diseases. 

In fowl plague, the basic microscopic 
pathology was found to consist of multiple 
focal necrosis in the visceral organs and the 
central nervous system. The necrosis was 
of a peculiar type, unlike coagulative necro- 
sis, in that the affected cell underwent in- 
cipient Swelling with margination of the 
nucleus and precipitation of a more or less 


believed that an experimental study of the eosinophilic material in the cytoplasm. It 


Plate IX (page 280) 


Fig. 41 (94089)—Nc., exposed i.m., New Jersey strain, killed in six days. Cerebellum showing numerous 
glia foci in region of cerebellar nuclei. x 55. 


Fig. 42 (94097)—Nc., field case. Cerebellum showing glia foci in molecular layer. The inverted "Y" in | 
center is interfoliar pia. x 75. 


Fig. 43 (94086)—Nc., exposed i.v., California strain 11914, killed in eight days. Lumbar cord showing 
scattered glia foci and neuronal degeneration. x 60. 


Fig. 44 (94096)—Nc., field case. Lumbar cord, gallocyanin stain, showing thickening of vasculai f 
endothelium, some gliosis, and neuronal degeneration. Note round, degenerated neuron in left center. 


x 260. 


Plate X (page 281) 


Fig. 45 (94043)—Nc., 13-day-old embryonating egg inoculated c.a.m., California strain 11914, killed 
; in seventy-two hours. Chorioallantois showing two subectodermal necrotic foci. x 90. 


Fig. 46 (94045)—Nc., |6-day-old embryonating egg inoculated c.a.m., Hertfordshire strain, killed i 
in seventy-two hours. Chorioallantois showing thickening and epithelial pearl formation. x 135. 


Fig. 47 (94094)—Nc., embryonating egg inoculated c.a.m., California strain 11914, died in forty- 
eight hours. Moderate ectodermal thickening, mesodermal fibrosis, and cellular infiltration. x 105. 


Fig. 48 (94046)—Nc., 16-day-old embryonating egg inoculated c.a.m., Hertfordshire strain, killed 
in seventy-two hours. Chorioallantois showing projecting ectodermal focus with central thrombus. x 105. 


Fig. 49 (94042)—Nc., 16-day-old embryonating egg inoculated c.a.m., Hertfordshire strain, killed 
in forty-eight hours. Ectodermal focus with mesodermal cellular infiltration. x 90. 


Plate XI (page 282) 


Fig. 50 (94050)—Nc., I1-day-old embryonating egg inoculated a.l.s., California strain 11914, died 
in fifty hours. Yolk sac showing projecting engorged surface vessels in high center. x 75. 


Fig. 51 (94049)—Nc., same specimen as fig. 50. Yolk sac showing capillary hemorrhage in upper 
center. x 50. 


Fig. 52 (94047)—Nc., embryonating egg inoculated a.l.s., California strain 11914, died in forty-eight 
hours. Embryo showing massive intramuscular hemorrhages in longissimus dorsi group. x 55. 


Fig. 53 (94062)—Nec., 12-day-old embryo inoculated c.a.m., Milano strain, died in ninety-six hours. 
Embryo showing massive subpleural hemorrhage. Rib above and lung below are normal, x 64, 
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is believed that it was this material which 
has been described occasionally, in the 
literature, as virus inclusion bodies. In both 
subacute and chronic cases, the visceral and 
nervous changes were accompanied by sec- 
ondary inflammatory reactions leading, in 
the brain, to meningoencephalitis. Contrary 
to expectation, the lesions in the nonfatal 
variant virus disease, except for lack of 
encephalitic lesions, were of the same gen- 
eral nature. In the embryonating egg, the 
parent virus of fowl plague usually failed to 
cause chorioallantoic lesions, probably on 
account of the short course of the disease, 
while the variant virus induced marked 
proliferative and necrotic changes; the 
embryonic tissues, however, showed similar 
hemorrhagic responses to both viruses, ex- 
cept for the central nervous system which 
usually was spared by the variant virus. 

How far this concept would be applicable 
to other strains of fowl plague virus is 
problematic, as. the present studies were 
conducted solely with the Dutch East Indies 
strain and variants isolated therefrom. On 
the other hand, absence of characteristic 
lesions, as frequently reported in the litera- 
ture, was not a predominant feature in the 
present material. 

With respect to Newcastle disease, the 
basic microscopic pathology was found to 
be necrotizing in character in the ab- 
dominal viscera and proliferative in the 
lung and central nervous system. The 
necrotizing process was similar to that in 
fowl plague from the cytopathologic point 
of view and showed, particularly in the 
European strains, marked affinity for the 
lymphocytic aggregates of the intestinal 
tract. The proliferative processes pre- 
dominated in the American strains and re- 
sulted, in the lung, in interstitial pneu- 
monia, complicated by exudative phenomena, 


particularly after respiratory tract infec- 
tion and, in the central nervous system, in 
primary encephalomyelitis. Save for differ- 
ent emphasis on organic systems, there was 
a striking similarity*® between the pub- 
lished histopathologic descriptions of the 
Korean**.*? and American pneumoencepha- 
litic®® forms of Newcastle disease. 


The embryonating egg reflected, in a 
measure, the variable pathologic propensi- 
ties of different strains of Newcastle virus 
in that the septicemic European strains 
tended to induce chorioallantoic lesions, 
while the American. strains caused pri- 
marily hemorrhages in the central nervous 
system. 


While it would not be possible to delimit 
the pathologic picture of fowl plague and 
Newcastle disease for all circumstances, 
pathogenetic studies by means of examin- 
ing birds sacrificed at various intervals 
post-inoculation have afforded considerable 
insight into the pathologic potentialities 
of various strains entering the body by 
different routes. An appraisal of the per- 
tinent available data has been attempted 
in table 4. 


Evidence has been adduced that, aside 
from individual and host factors, the in- 
herent pathogenicity of virus strains, quan- 
titative differences in infective dosage, 
route of infection, and particularly degrees 
of partial immunity induced by artificial 
means act as the principal modifiers of 
pathologic expressions of the diseases. 


Partially immunized chickens responded 
to a virulent challenge with the develop- 
ment of the usual pathologic evidence of the 
respective diseases. Successfully immunized 
birds, as shown by remaining clinically 
healthy for two to three weeks after 
virulent exposure, not infrequently showed 


Plate Xil 


Fig. 54 (94043)—Nc., 13-day-old embryo, inoculated c.a.m., California strain 11914, died in 
seventy hours. Cerebrum showing massive hemorrhages, so-called “hemorrhagic encephalitis." x 50. 


Fig. 55 (94048)—Nc., embryonating egg inoculated c.a.m., California strain 11914, Longitudinal 
section of lumbar cord showing capillary hemorrhages in grey matter and rhomboid fossa. x 50. 


Fig. 56 (94044)—Nc., 13-day-old embryonating egg inoculated c.a.m., California strain 11914, 
died in seventy hours. Cross section of lumbar cord showing hemorrhages in rhomboid fossa. x 50. 
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TABLE 4—Comparison of Histopathologic Potentialities of Fowl Pla 
Chickens 


Skeletal 


Viscera 
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Chorio- 


Fowl Plague 
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minor gross lesions of chronic disease and, 
in the case of fowl plague, also microscopic, 
lymphocytic, immune challenge reaction ac- 
companied by quantitatively variable rem- 
nants of the specific necrotizing process, 

Albeit, in individual cases, pathogno- 
monic signs may be absent, it is believed 
that, in representative specimen lots, the 
essential pathologic characters of fowl 
plague and Newcastle disease, with due con- 
sideration of the potential modifiers of 
morphologic expressions, sufficiently 
definite to permit diagnosis on pathologic 
grounds. 


SUMMARY 


The report is concerned with the com- 
parative and differential pathology of ex- 
perimental fowl plague and Newcastle dis- 
ease observed in several thousand chickens 
and chicken embryos, induced in the case 
of the former disease by the Dutch East 
Indies strain and its variants and, in the 
case of Newcastle disease, by four Euro- 
pean and five North American strains, the 
latter obtained from both the west and the 
east coasts. 

With respect to symptomatology and 
gross pathology, virtually the entire range 
of clinical and morphologic expressions of 
fowl plague and Newcastle disease reported 
in the world literature was observed and 
the differential criteria were confirmed. 


Evidence has been adduced that, aside 
from individual and host factors, differ- 
ences in pathogenicity and infective dosage, 
route of infection and, particularly, de- 
grees of partial immunity prior to infec- 
tion act as the principal modifiers of 
pathologic expressions of the diseases. 


In the present study, the basic micro- 
scopic pathology of fowl plague was repre- 
sented by multiple focal necrosis in the 
visceral organs and the central nervous 
system. The necrotic process was cytopatho- 
logically characterized by incipient swell- 
ing, margination of the degenerated 
nucleus, and precipitation of a more or less 
eosinophilic material in the cytoplasm ac- 
companied, especially in the spleen, by in- 
tercellular fibrinoid deposits. There wer 
secondary inflammatory reactions leading, 
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n the brain, to focalized meningoencepha- 
litis. 

In the embryonating egg, the parent fowl 
plague virus caused multiple hemorrhages, 
primarily in the skeletal muscles and the 
entral nervous system, with the variant 
virus also affecting the chorioallantois but 
not the nervous tissues. 

The basic microscopic pathology of New- 
castle disease varied with the organic sys- 
tems involved. In the abdominal viscera, it 
was represented by necrosis of a similar 
cytopathologic character as in fowl plague, 
and of marked affinity to the anatomical 
lymphocytic aggregates of the intestinal 
tract. In the lung and central nervous sys- 
tem, the process was proliferative in char- 
acter leading to interstitial pneumonia com- 
plicated by exudative phenomena after 
infection via the respiratory tract, and to 
primary encephalomyelitis. The European 
strains were predominantly enterotropic, 
the American strains neurotropic or pneu- 
motropic, depending upon a parenteral or 
an intratracheal avenue of infection. 

In the embryonating egg, the European 
strains caused marked chorioallantoic 
lesions, particularly, in older embryos and 
capillary hemorrhages in the skeletal 
muscles, while the American strains tended 
to produce such hemorrhages also in the 
central nervous system. 


The comparative pathology of fowl 
plague and Newcastle disease, with due re- 
yard to the modifying influence of host, 
strain, portal of entry, immunity factors, 
and with regard to the possible absence of 
haracteristic signs in individual] cases, was 
considered to be specific for these diseases 
and contributory to establishing them as 
separate entities. 
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THE COMMUNITY of symptoms and lesions 
produced by a number of infectious diseases 
of poultry makes imperative the isolation 
and specification of the etiologic agents 
where outbreaks occur in new areas or foci 
Recognition of Newcastle disease’ ?, a high- 
ly diffusible and destructive virus disease 
of poultry, frequently has been retarded or 
left in doubt through delays in isolation of 
the causal virus and its immunologic 
definition. * * 5% 

This paper describes the methods and 
procedures by which Newcastle virus was 
recovered and identified from new exten- 
sions of the disease to the United States 
and Europe. The pertinent recent contri- 
butions to the literature on Newcastle dis- 
ease are reviewed in the several respective 
sections with only limited reference to the 
earlier work which has been reviewed ex- 
tensively by Beaudette.® 


ISOLATION OF THE VIRUS 


The earlier reports* suggest that the 
saliva, or mouth exudate, of birds affected 
with Newcastle disease is usually higher in 
virus concentration than body excretions or 
the tissues. The spleen, lung, bone marrow, 
brain and spinal cord, egg yolk, crop, and 
intestinal content and feces were found in- 
fectious quite regularly, the liver and feces 
somewhat less so. 


This work was done as a part of a research 
project conducted under the direction of a War 
Depavtment Commission consisting of: Brigadier 
General R, A. Kelser, U. S. Army; Dr. R. E. Dyer, 
U. S. Public Health Service ; Dr. H. W. Schoening, 
Pathological Division, Bureau of Animal Industry, 
U. §$. Department of Agriculture; and Dr. E. B. 
red, University of Wisconsin. 

*Special Research Associate. Special Research 
(Assistant, Department of Comparative Pathology 
and Tropicai Medicine, Harvard Medical School. 
Associate Professor, Wellesley College. 

*On leave, U. S. Department of icuiture, Agri- 
ultural Research Administration, Bureau of Ani- 
nal Industry. Now at the 2 te of Veteri- 
nary Science, University of isconsin, Madison. 

**Now Associate Pathologist, Purdue University 
Agricultural Experiment Station, Lafayette, Ind. 

***On part time leave, University of Connecticut, 
ind Storrs Agricultural Experiment Station, Storrs. 


Low, or complete lack of, infectivity of the 
blood of Newcastle (Nc) infected fowl was 
reported by the earlier workers’. This frequent 
failure of the blood from natural cases to pro- 
duce the infection first aroused suspicion that 
the disease at Newcastle’ was not classical fowl 
plague. Picard’ was unable, prior to 1931, to 
demonstrate the virus in the blood or other 
internal organs, regardless of the stage of the 
disease, although the mouth exudate, feces, 
brain, and egg yolk were infective. A change, 
however, apparently occurred in the virus after 
this time, since the blood, spleen, kidney, and 
liver were found to be infectious. 

More recently Komarov’, in studying the 
first outbreak of Newcastle disease in Pales- 
tine, concluded that the infectivity of the blood 
varied; in one experiment, as much as 0.5 ce. 
of blood from a sick fowl failed to set up in- 
fection whereas, in another, as little as 2 x 
10° cc. was infectiv: for chickens by inocula- 
tion. Infectious bone marrow from a field case 
served to establish serial inoculation passage 
in the laboratory. From the latter source, the 
following organs were tested and found infec- 
tive: bone marrow, blood, serum, liver, spleen, 
kidney, brain, feces, mouth exudate, and bile. 


Stazzi’ has stated that the pestli’-: disease 
first seen in Italy in 1940 was characterized by 
low or inconsistent infectiousness of the blood, 
spleen, liver, and brain. Bianchi” found trans- 
mission of this malady irregular by pareateral 
routes and was unable to maintain seria] pass- 
age of the disease among chickens by intra- 
muscular injections of brain emulsion or blood 
of affected fowl. Transmission in series was 
said to be possible through contact in a closed 
environment. Vianello” recommended, for cer- 
tainty and rapidity of experimental transmis- 
sion, that nasal or tracheal exudate be given 
into the nares or larynx. 

Stover* found the cloudy air sacs, lungs, and 
trachea to be a satisfactory source of virus for 
infection of, and serial passage in, chickens 
via the intranasal or intratracheal routes. The 
virus was demonstrated by Beach” in the lung, 
spleen, brain, blood, and tracheal exudate dur- 
ing the early stages of the disease. It was 
found mor? consistently in the lungs than in 
other tissues or in tracheal exudate, but was 
also demonstrated in the intestinal content of 
dead chicks and in the night feces of sick 
chicks. Beach concluded th-t the concentration 
in the tissues of naturally infected chickens 
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is apt to be relatively low; after a few passages 
in chicks, the amount of virus seemed to in- 
crease greatly. 

Koser” found that fresh spleen and liver 
emulsions of chickens affected with so-called 
atypical fowl pest were invariably infective for 
chickens and for a pheasant. 

Malbrant™ reported that in the Newcastle- 
like pseudoplague of the Middle Congo, the 
spleen, liver, and certain other organs could be 
shown, by chicken and pigeon inoculation, to 
contain the virus when the blood was virulent. 

Beaudette and Black” inoculated embryo- 
nated eggs with the tissues of chickens from 
suspected field outbreaks of Newcastle (Nc) 
disease as a means of isolating the virus. The 
virus was recovered from eight of 56 flocks 
which provided specimens without selection 
for stage of the disease. From the eight positive 
flocks, 12 of 17 spleens and five of 11 brains 
yielded the virus. Both samples of liver tested, 
as well as a single sample of blood, were nega- 
tive. 


SOURCE OF MATERIALS FOR ISOLATION 


Strain E Virus, Hertfordshire-—The Min- 
istry of Agriculture and Fisheries, Wevbridge, 
Surrey, England, supplied this material as 
pieces of infected chicken liver and spleen 
suspended in 50 per cent glycerol-saline. This 
strain was originally isolated from the 1933 
outbreak in England” and had been passed 
in fowl at intervals of three months in the 
Ministry laboratories. The tissues were pre- 
pared for shipment in May, 1943, transported 
by airplane without refrigeration, and first 
used in our laboratories for egg inoculation in 
July, 1943. 

Strain 11914 Virus, California.—This strain 
was isolated from lyophilized chicken lung 
tissue brought to this laboratory by Dr. J. R. 
Beach on Jan. 8, 1944. 

Strain New Jersey, K and D.—The source 
was dried chicken brain tissue from a field 
outbreak in New Jersey, and was supplied by 
Dr. F. R. Beaudette on Feb. 15, 1945. 

Strain 4F Virus.—Source material for in- 
oculation and study was obtained from a 
number of chickens, 1 to 7 weeks of age, in an 
outbreak of spontaneous infection among lab- 
oratory stock birds during March, 1945. This 
virus had the major clinical and pathologic 
features of the American strain infections”. 

Strains Milano and Perugia.—Seven lots of 
chicken tissues, chiefly liver, spleen and tra- 
chea suspended in 50 per cent glycerin solu- 
tion, were supplied by the respective Italian 
Veterinary Institutes in June, 1945, and for- 
warded through U. S. Army channels. 

Other Sources.—Strain material represent- 
ing the above and additional strains (Cali- 
fornia, New Jersey, and New York), in the 
form of various tissues and excretions from 
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chickens inoculated in the laboratory, was 
also used in the virus isolation studies. 


PREPARATION OF MATERIAL AND 
INOCULATION OF EGGS 


The tissues from the glycerol suspen- 
sions were first washed at least three times 
in sterile physiologic saliné or 1 per cent 
tryptone broth. They were then ground finely 
with sand in sterile mortars, suspended in 
broth 1:5 or 1:10, centrifuged lightly, and the 
supernatant fluid drawn off. 

The lyophilized organ material was sus- 
pended in a similar manner in distilled water. 

The various organ tissues collected from 
laboratory stock or experimental chickens were 
collected aseptically, tested for sterility, used 
within a short time, or stored in the frozen 
state (—65 to -68 C.) until just prior to sus- 
pension or dilution. Mouth and cleft palate 
exudate, intestinal content, feces, or other 
material was filtered through Berkefeld N, 
Mandler medium, or Seitz filters, prior to 
inoculation, or treated with penicillin sodium. 
Depending upon the probable degree and na- 
ture of the bacterial contamination, quantities 
of penicillin were used ranging from 500 to 
10,000 Oxford units per cubic centimeter of 
final inoculum. Incubation of the penicillin- 
treated inoculum for several hours at 37 C. 
was found desirable for maximum bacterici- 
dal effect. 


DEMONSTRATION OF VIRUS IN CHICKEN 
TISSUES BY INFECTION OF EMBRYONATING 
CHICKEN EGcGs 


Burnet and Ferry” were the first to infect 
embryonated chicken eggs with Newcastle 
virus. A 1:100 dilution of infected chicken 
spleen instilled upon the chorioaliantoic mem- 
brane usually killed 10-day-old embryos in 
thirty to forty-eight hours. The virus was 
found in the liver and brain in high concen- 
trations, thus indicating that it was present 
throughout the embryo. The gross and micro- 
scopic lesions of the embryonic tissues were 
somewhat different than those caused by a 
fowl plague virus strain. Burnet” reported an 
Australian strain of Newcastle virus more 
virulent for chicken embryos than the English 
strain. Iyer and Dobson ™ initiated egg pass- 
age with a Berkefeld V filtrate of liver and 
spleen emulsion. Using suspensions of the in- 
fected chorioallantoic membranes, they passed 
the virus serially through 58 passages in eggs 
of 9 to 13 days’ incubation during the course 
of a year. Lush” infected 11- to 12-day embry- 
onating eggs allantoically with 0.1 cc. of in- 
fected fowl liver suspension. The embryos, 
when sacrificed after twenty-four hours fur- 
ther incubation at 36 C., provided allantoic 
fluid which caused hemagglutination. Burnet*™ 
observed that 10- to 12-day chicken embryos 
inoculated via the allantoic chamber usually 
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died in forty-two to forty-four hours but, 
with limiting dilutions, death was sometimes 
delayed to seventy-two hours. Embryos in- 
oculated amnionically were often dead at 
twenty-four hours and seldom survived more 
than forty-eight hours. The number of focal 
lesions of the serosa as obtained with the 
higher dilutions of virus offered a relatively 
good means of virus titer evaluation. Beach” 
reported initiation of egg infection with the 
following tissues from chickens: blood, brain, 
and spleen suspensions, lung, tracheal exudate, 
intestinal content, and feces suspension fil- 
trates. He experienced difficulty in establishing 
the infection in the egg but, when chickens 
inoculated with the initial’ material became 
infected, the embryos of the first passage suc - 
cumbed regularly. Infection was obtained in 
eggs when it was not detected by chicken in- 
oculation although numerous “blind” or “faith” 
passages, for which the details were not given, 
were reported necessary for establishing egg 
infection in some cases. This author eoneluded 
that the technique of inoculation upon the 
serosa was satisfactory for initial culture isola- 
tion of the Newcastle virus whereas, because 
of nonspecific mortality, direct injection into 
the embryo through the air cell was suitable 
only for propagation of the virus after initial 
adaptation to the egg. 

Molina”, as well as Ilieff“, reported propa- 
gation of the virus of the Italian epizodtic in 
embryonating eggs with early mortality (36- 
72 hours) and of high virus concentrations in 
the embryonic tissues. 

Traub” cultivated Newcastle virus by 
Burnet’s method in 10-day embryonated eggs 
for vaecine production. Dosages of 0.1 x 10° 
cc. of embryo and membrane (serosa and 
amnion) suspension usually killed the embryos 
at 37 C. in twenty-four to thirty hours. 

Minard and Jungherr” found that chicken 
lung and air sac suspensions (pneumoencepha- 
litis strain 1197-41) which had been carried 
serially through 40 chicken passages by Stover 
was readily adaptable to 9-day chicken em- 
bryos for which it was lethal in dilutions of 
10° within forty-eight hours. Beaudette and 
Black” were able to propagate the virus in 
embryonating eggs only if some of the em- 
bryos of the first and succeeding series of 
embryos died, i.e., blind passages were not 
successful for establishing infection in the egg. 

Observations drawn from several of our 
experiments indicated that embryonated 
‘gs of 10 to 14 days’ incubation are the 
most satisfactory for the diagnosis of New- 
castle virus infection. With the exception 
the intravenous route, where eggs in- 
cubated one to three days longer are usually 


desirable, preinoculation periods of ten to 
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eleven days at 37 to 38 C. were better for_ 
the other routes employed. Mortality from 
nonspecific causes was invariably higher in 
embryos younger than this while, in the 
older ones, the allantoic fluid became in- 
creasingly viscid and sparse. As a result of 
changes in the chorioallantoic membrane 
after the fifteenth to sixteenth day, injec- 
tion into the allantoic vein, or directly into 
the embryo, remain virtually the only routes 
applicable for older embryos. The desirabil- 
ity of providing an intrashell incubation 
period of at least four to five days also de- 
termines the upper age limits of embryo 
utility. The fact that eggs from Newcastle 
immune hens develop a progressive refrac- 
tivity to inoculation infection after about 
the fiftcenth day also must not be over- 
looked as a possible factor bearing on sus- 
ceptibility to the specific virus.'® 

Isolation of Strain Hertfordshire Virus.— 
Supernatant fluids of 1:5 suspensions of 
liver, of liver and spleen mixtures, and of 
spleen received from England were inocu- 
lated in 0.1- to 0.25-cc. quantities into the 
allantoic cavity of 20, 10-day eggs. During 
subsequent reincubation for one week, 1 
embryo, which had received spleen  sus- 
pension only, succumbed. A series of eggs 
injected via the same route with allantoic- 
amnionic (a.a.) fluid from this egg, in 
dilutions through 10°, the highest dilutions 
tested, succumbed to the typical disease 
within thirty to fifty-five hours post-in- 
oculation. This strain (E) was subsequently 
propagated with facility through 45 serial 
passages in eggs via the allantoic chamber 
route, as well as in numerous series by other 
routes, e.g., amnionic chamber, yolk cham- 
ber, chorioallantoic membrane, and intra- 
venous. The a.a. fluids developed and re- 
tained high titers usually 20 x 10° to 10° 
m.l.d.’s per cubic centimeter. 

For determination of the presence and 
concentration of virus in the feces, cleft 
palate, mouth secretions, and blood, virus E 
and 11914 strains were inoculated intra- 
muscularly into pairs of male Leghorns, ap- 
proximately 6 months of age. The materials 
mentioned were collected at six-hour inter- 
vals post-infection to death which occurred 
in all birds between the ninety-sixth and 
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114th hours. Various tissues taken shortly 
-after death were also analyzed for virus 
content by the inoculation of series of em- 
bryonated eggs. The results*’ revealed: (1) 
The appearance of virus in the feces after 
forty-eight hours, in the oral mucus after 
fifty-four hours, in the blood of 1 bird from 
the sixth hour on, in all others after the 
thirtieth hour; (2) the highest demon- 
strable virus concentration was present in 
the feces and blood cells; (3) the virus was 


and the supernatant filtered through an 
8-lb. Mandler filter. Three groups of 5, 10- 
day embryos were inoculated into the allan- 
toic chamber, amnionic chamber, and upon 
the serosa, respectively, with 0.05-cc. doses 
of the filtrate. All died of typical Newcastle 
infection—the first group after sixty-four 
hours, the latter two groups after an av- 
erage survival period of forty-four hours. 
In consideration of the survival time with 
the routes tested, it is probable that this 


TABLE |—Presence of Newcastle Virus, Strain 11914, in the Blood, Plasma, and Washed Blood Cells of Chickens 
at Various Intervals Post-Inoculation and as Associated with Symptoms, Lesions, and Progression of the Disease 


Virus titers 


Killed hrs. Gross lesions of 
Exposure post-in- Bird Whole Symptoms 
oculation Nos. blood Plasma Cells 
12 5641 None None 
5766 None None 
24 6793 UD UD UD None None 4 
5698 0 0 0 None None 
Lung C4150T —— 
48 5800 10-3 10-* or > 10-* None Abdominal air sac, 
10-1 dilution, 6775 10-7or> 10-3 10-2 Occasional right lung 
i sneezing Abdominal air sacs 
cc. 
72 5750 UD 0 <10-1 Moderate tracheal Abdominal air sacs 
(10* to 105 rales 
5773 10-3 UD UD Moderate tracheal Abdominal air sacs 
embryo m.1.d.) riles 
Intra- 96 5702 0 0 0 Dull, weak, rough Air sacs and heart 
plumage 
tracheally 5826 10-8 10-2 <10-3 Dull, weak, rough Air sacs, proven- 
2 plumage triculus, pericardium 
an — - 
120 5680 0 0 Prostrate, general- Spleen, air sacs 
intranasally ized muscle spasms, 
5809 0 0 Ataxia, Spleen, air sacs 
head twitching 
144 5779 0 Uy) 0 Ataxia, left leg Spleen, air sacs 
paresis, right leg 
spasms 
Unexposed 5799 0 0 0 None None 
controls 5763 0 0 0 None None 


— = Not done. UD = Undiluted. 


present more consistently and in greater 
quantity in the blood cells than in the plas- 
ma; (4): the virus was demonstrated with 
greater regularity and in higher titer in the 
cleft palate and mouth exudate of birds in- 
fected with strain 11914 than in those in- 
fected with the strain E virus. In contrast, 
the virus content of the serum and blood 
was greater in E strain than in 11914 strain 
infection; and (5) the virus was recovered 
from the various organs (testis, liver, kid- 
ney, lung, and spleen) of all birds after 
death. 

Strain 11914 Virus.—The lyophilized lung 
tissue of a California field case, Ac 11914, 
was ground finely with sand, suspended in 
four parts of broth, centrifuged lightly, 


particular virus would have infected em- 


bryos in quantities a hundredfold less than 
the one used. Inoculation with virus in the 
form of infected chorioallantoic membranes 
or allantoamnionic fluids from these three 
groups of eggs showed a _ considerably 
greater infectivity than with the chicken 
tissues, thus indicating a higher growth 
activity in the egg and/or a rapid adapta- 
tion from chicken to embryo. 

Evidence that Newcastle virus may be 
recoverable only in the earlier stages of in- 
fection was obtained from the experiment 
summarized in table 1. Fourteen 35-day- 
old stock chickens were infected by respira- 
tory instillation of chicken-passaged 11914 
virus. Pairs. of chickens were sacrificed at 
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various intervals. The infectivity and virus 
content of blood collected at 24-hour inter- 
vals from the first through the sixth day 
were determined in eggs. It is seen that 
virus was demonstrable in the blood com- 
ponents in 1 of the pair of birds sacrificed 
after twenty-four hours, in both birds at 
forty-eight and seventy-two hours, in only 
| at ninety-six, and in none of the 3 birds 
which survived and were examined at a 
later date. Symptoms were absent in 2 of 3 
birds positive at twenty-four and forty- 
eight hours, as were symptoms in the 1 
which was blood positive at twenty-four 
hours. With onset of nervous symptoms at 
the fourth day, virus was no longer recov- 
erable. 

Strain New Jersey, K and D.—Lyo- 
philized brain tissue from the original K 
and D field case was reconstituted with dis- 
tilled water and diluted with broth to make 
a 1:10 suspension. Two series of four eggs 
each inoculated with 0.05 cc. of this mate- 
rial via the amnionic or allantoic chambers 
died of Newcastle infection after an aver- 
age of seventy-two and seventy-eight hours, 
respectively. As compared to this, first egg- 
passage serosa tissues of this strain, sup- 
plied in freshly dried form by Dr. Beau- 
dette, showed similar survival rates and 
embryo mortality with dilutions as great as 
10°, the highest tested. 

Strain 4F Virus——On March 24, 1945, 
symptoms suggestive of Newcastle disease, 
i.e, respiratory involvement accompanied 
by weakness and central nervous system 
disturbances, were detected among a unit 
of 1,045 stock chickens of the laboratory. 
These birds ranged in age from 7 to 36 days 
with the exception of 35 mature chickens. 
The striking feature, at necropsy, of me- 
dium to well-advanced cases from this out- 

reak was a marked inflammatory involve- 

ment of the abdominal and posterior tho- 
racic air sacs and, frequently, also of the 
pericardium. 

The outbreak among laboratory stock 
chickens from which the 4F strain was re- 
covered provided opportunity to determine 
the frequency and facility with which virus 
could be recovered from the tissues during 
“natural” outbreaks. For this purpose, 15 


of the younger individuals which repre- 
sented clinically negative, as well as mod- 
erate to advanced, clinical cases were sac- 
rificed to secure tissues for study.*® 

The following tissues were tested by in- 
oculation into embryonating eggs: liver, 
spleen, kidney, brain, spinal cord, lung, 
trachea, blood, blood serum, and washed 
blood cells. Virus was recovered from 3 of 
the 15 specimens. Of the 15 chickens, only 
3 were free of both symptoms and lesions, 
and virus was demonstrated in 2 of these. 
The other positive bird had shown no symp- 
toms, but definite air sac and pericardial 
involvement was present at autopsy. One 
of the positive chicks yielded virus from all 
tissues tested, whereas, in 2 others, all 
tissues except the blood serum produced in- 
fections. Virus was not recovered from 1 
clinically negative, lesion positive specimen 
nor from 10 which showed nervous symp- 
toms or air sac lesions, or both. 

Further evidence of disappearance, or 
masking, of the virus with progression of 
the disease was derived from introduction 
of previously vaccinated birds of low serum 
titer into the infected (4F) unit at various 
stages.** Those introduced when the infec- 
tion was first observed showed a prompt 
and rapid increase in titer, whereas the lot 
introduced one week later showed no altera- 
tion in titer. Furthermore, when 7 sur- 
vivors of the outbreak, which showed nerv- 
ous symptoms, were introduced into each of 
seven Horsfall-Bauer units*' containing 3 
susceptible birds each, no evidence of dis- 
ease or antibody response appeared among 
the latter birds, even though contact was 
maintained for at least one month in all 
cases. 

Strains Milano and Perugia.—Attempted 
isolation of virus from four samples, two 
Milano and two Perugia, by egg inoculation 
soon after receipt of this material failed 
completely even though large initial quan- 
tities (as much as 0.25 cc. of 1:5 suspen- 
sion) of inoculum and subsequent faith 
passages were employed. One hundred and 
twenty eggs were used in these tests. 

The remaining three tubes of tissue— 
Milano 2 and 4, natural, and Perugia 2127, 
experimental—were suspended and inocu- 
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lated into young thickens and 10-day eggs, 
simultaneously. Only 1 of 24 eggs injected 
died within the subsequent nine-day period. 
It yielded virus which, as was shown later, 
was found to be identical with other New- 
castle virus strains. The allantoic fluid from 
the 1 egg was infective for chicken embryos 
to a titer of 10°’. The results of inoculating 
chickens with the latter three samples are 
given in another section. 
DEMONSTRATION AND ISOLATION OF 
VIRUS IN CHICKEN TISSUES BY 
INJECTION OF CHICKENS 

The literature already cited emphasizes 
frequent variations in the infectivity of tis- 
sues and body excretions from animals af- 
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birds were included in each series for the 
passages, of which the first 30 were made 
parenterally (intramuscular and intraperi- 
toneal), the next ten by respiratory chan- 
nels (intranasal and intratracheal), and 
the last five by contact through cohabita- 
tion in individual Horsfall-Bauer isolation 
units. For the inoculation passages, 1:10 
lung tissue suspensions were prepared in 
1.0-cc. doses from 1 or both birds of the 
preceding series which had been sacrificed 
at the first appearance of symptoms. 

The data on incubation times, whiclf are 
summarized in table 2, indicate that with 
passage by parenteral and _ respiratory 
routes the virus content of the tissues was 


TABLE 2—Seria! Passage of Newcastle Virus, Strain 11914, in Chickens by Parenteral 


No. No. birds 


Length of incubation period, 
in days 


Period passages used* Routes** Shortest _ Longest Mean 
8-44 to 11-20-44 30 61 Parenteral 2 11 3.4 
ta. 10 19 Respiratory 3 6 4.5 
respiratory series 6 13 9.6 
2-25-45 to 5 9 Contact 6 9 7.0 
* —In the parenteral passages, 3 birds failed to sicken; in the respiratory passages, 2 birds. ** = The 
parenteral routes used were intramuscular and intraperitoneal; the respiratory, intratracheal and 
intranasal. 
fected with Newcastle disease. The con- increased with resultant shortening of the 
genital passive immunity to the virus, incubation perind. Assessment of virus 


operative during late incubation, may per- 
sist during the first month of life*’. An 
increasing resistance to Newcastle disease 
with development and maturity has beer 
observed in numerous instances*:** as has 
also a high degree of specific active im- 
munity *.'**°, The following pertinent data 
obtained in our work bear on the problem 
of demonstrating and isolating the virus 
by inoculation of chickens. 

Strain 11914 Virus.—The unfiltered Ac 
11914 chicken lung tissue was injected in- 
tratracheally and intramuscularly into a 21- 
day-old chicken. Symptoms of weakness 
and coarse tremor appeared on the fourth 
day, with leg paralysis on the fifth day, 
at which time the bird was exsanguinated, 
and lung and other tissues collected for in- 
itiation of further chicken passage. During 
a subsequent period of about one year, this 
virus was passaged successively through 
45 series of young chickens. Usually 2 


content by egg inoculation of lung tissues 
from 1 or more chickens at the various pas- 
sages gave the following maximum titers 
as expressed by maximum dilutions infect- 
ive in 0.05-cc. quantities: first, 10°'; eighth, 
10°; thirtieth, 10° and 10° or >; thirty- 
first, 10-° and 10°; thirty-sixth, thirty- 
seventh and thirty-eighth, 10°, 10°; and 
thirty-ninth, 10°. 

Strains Milano and Perugia.—At the 
same time that eggs were inoculated with 
Milano samples, 2 and 4, and Perugia 2127, 
in 10 per cent suspensions, three pairs of 
chickens, 69 days of age, were injected with 
combined dosages of 2 cc. each of the re- 
spective materials via the intranasal, intra- 
peritoneal, and intramuscular routes. Each 
pair of birds was then placed in a separate 
Horsfall-Bauer isolation unit. The results 
previously recorded **, as well as those from 
unreported data, may be summarized as 
follows: (1) all of the chickens developed 
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evidence of disease after two to five days 
which, in clinical and pathologic features, 
was characteristic of the acute “septicemic”’ 
type of Newcastle disease'’; (2) the blood 
of 4 of the 5 chickens collected at seventy- 
two and ninety-six hours post-inoculation 
was infective for young chickens and 
chicken embryos in 0.05-cc. quantities of 
10: to 10° dilutions; and (3) first egg- 
passage allantoic fluid was infective for em- 
bryos in quantities of 0.05 cc. in dilutions 
up to 10°; for chickens, in 10° or greater 
dilutions. 


IDENTIFICATION AND DIFFERENTIATION 
OF THE VIRUS 


SIZE AND FILTERABILITY 

On the basis of filtration trials with 
the graded collodion membranes of Elford, 
3urnet and Ferry'® estimated the size of 
Newcastle virus to be 80 to 120 my. They 
found fowl plague virus to have a particle 
size of 60 to 90 my. The earlier results cited 
by Beaudette* which demonstrate the abil- 
ity of the agent to pass Seitz pads, Berke- 
feld N and W candles, and Chamberland L3 
and L5 filters have been verified in the more 
recent work with regard to Seitz and 
Berkefeld filtration **. 

An attempt to filter chicken lung tissue 
from a field case, Ac 11914, yielded a Man- 
dler filtrate infective for embryonating 
eggs as indicated in the previous section. 
Seitz filtrates of infected allantoamnionic 
fluids have been found infective, repeatedly, 
in our work. 


EFFECT OF PENICILLIN 

The known, high attenuating effect of the 
usual types of filters (asbestos, diatoma- 
ceous earth, and porcelain) on virus suspen- 
sions prompted us to rely, to a large extent, 
upon penicillin to suppress or eliminate 
bacterial contaminants in tissues or other 
material from natural cases from which 
virus recovery was to be attempted. This 
agent was quite valuable also for the assess- 
ment of virus content of various organs 
and body excretions from birds inoculated 
in the laboratory. 

To determine whether penicillin might 
tend to alter the virulence or infectivity of 
the Newcastle virus strain E, 1,000 Oxford 


units of penicillin per 0.l-cc. dose of virus 
was added routinely to succeeding inocu- 
lums throughout a series of ten egg pas- 
sages. These results showed no appreciable 
alteration in titer or infectivity for eggs in 
any of the egg series, nor did the end-point 
infective titer for chickens differ from the 
original after the ten egg passages with 
penicillin. 

In the isolation of virus from small intes- 
tine and fecal content, the penicillin in high 
concentrations did not completely suppress 
the growth of all bacteria as determined by 
the presence of colonies on nutrient and 
blood agar plates inoculated with the differ- 
ent dilutions. Nevertheless, virus was fre- 
quently demonstrable in dilutions which, on 
plating, yielded small numbers of bacterial 
colonies, i.e., usually less than 1,000 per 
cubic centimeter of initial inoculum. In 
these instances, bacteria frequently were 
not recoverable from eggs inoculated with 
the higher dilutions. 

TENACITY 

As judged by the earlier reports* on the 
tenacity of the agent, in tissues and exu- 
date, to various chemical and physical 
agents, the virus of Newcastle disease must 
be considered a relatively resistant virus. 

To Heat.—Experiments in this labora- 
tory on the tenacity of this virus to heat 
were limited to the use of colorless, clear, 
infected allantoamnionic fluids. For these 
tests, the fluids in 1.0-cc. quantities were 
placed in lyophilizing tubes of 2-cc. capacity 
and sealed. The vials were immersed in 
thermostatically controlled water baths and 
pairs of tubes removed at various intervals 
for prompt chilling. Loss of infectivity as 
determined for two strains, E and 11914, 
by inoculation of embryos, occurred after 
thirty minutes at 60 C. or within forty-five 
minutes at 55 C. Farinas** had reported 
that the virus was destroyed in thirty min- 
utes at 55 C. or higher, and Iyer** reported 
that it was killed by heating to 50 C. or 
higher. 

To Ultraviolet Light.—Reports on the sta- 
bility of Newcastle virus to ultraviolet irra- 
diation have not been encountered in the 
literature. Burnet and Ferry **, however, 
in studies on photodynamic inactivation by 


| 
| 


BRANDLY—MOosES—J UNGHERR—JONES 


Am. J. Ver. Res. 


methylene blue of Newcastle and fowl 
plague viruses, had concluded that the for- 
mer was more resistant. 

In our radiation studies, a.a. fluid virus 
(35-cc. quantities) was exposed in large 
quartz tubes to a Hanovia coil, which emit- 
ted rays chiefly of 2537 A wave length. 
Several series of tests with the E, 11914, 
and RO (California) strains gave minimal 
inactivation times of thirty-five to fifty-five 
minutes. In other tests made at the Na- 
tional Institute of Health, Bethesda, Md., 
the supernatants of infected, a.a. fluid- 
embryo pulp mixtures were employed. Ex- 
posure of the fluid virus to the shorter 
ultraviolet rays (1600-1800 A) in flat 
quartz chambers of the apparatus of Oppen- 
heimer, Levinson, and associates** produced 
inactivation rapidly of the three Newcastle 
strains (0.8 to 1.08 seconds). These in- 
tervals were somewhat shorter than those 
required for a strain of fowl plague virus 
(1.1 to 3.0 seconds). 

Under Storage.—Beach'? reported that 
the virus in desiccated lung tissue stored in 
the refrigerator remained viable for 195 
days; virus in tissues suspended in 50 per 
cent glycerin was unchanged at fifty days 
but its virulence had decreased appreciably 
in eighty-five days. Virus in sealed vials 
stored in the dry-ice refrigerator had re- 
tained full virulence for seven months, the 
longest period tested. Iyer** stated that 
the virus in liver and spleen can be con- 
served in 50 per cent glycerin in the refrig- 
erator for about six months. Pulp of these 
infected organs dried in vacuo over P,O, 
and stored in the refrigerator was virulent 
after about three years. At room tempera- 
ture, the virus died out more rapidly. Ex- 
posure of organ suspensions to direct sun- 
light for one hour had no effect on the virus. 

Observations in this laboratory on the in- 
fluence of storage under different environ- 
ments were limited in extent. The high sta- 
bility of the virus, however, was attested 
by the finding that high dilutions of in- 
fected a.a. fluids in broth or saline, for use 
in infectivity and serum neutralization end- 
point determinations, retained their titers 
for twenty-four hours or longer at room 
temperature (22-25 C.) for periods up to 


a week in the refrigerator (6-8 C.). Storage 
of a.a. fluids in the moist or lyopnilized 
state at lower temperatures (0 to —70 C.) 
gave evidence of unaltered infectivity after 
twenty-three months, the longest period 
tested. The lyophilate of one lot of E strain 
virus (1E) stored at 0 C. had retained its 
original titer for eggs for this period, and 
moist E virus (D15F) after storage at —70 
C. exhibited the same titer as present 
initially. 

To Various pH Values.—The results of 
Doyle! indicated that Newcastle virus in 
mouth exudate of infected birds had a rela- 
tively broad pH stability range. His trials 
indicated that the virus in 1:100 mouth 
exudate was inactivated in one hour by 
N/50 sodium hydroxide but not by N/25 
hydrochloric acid. 

The details of our work on this phase, re- 
ported in detail elsewhere*®, revealed that 
the various strains of Newcastle virus from 
American sources and from Italy exhibited 
a PH stability pattern similar to, and char- 
acteristic of, the English (Hertfordshire) 
strain. A valuable differential feature is 
represented by the fact that the infectivity 
of the plague virus at 2 to 6 C. was greatly 
diminished at pH 5 and destroyed at pH 4 
in one hour, while the Newcastle virus was 
not appreciably altered at the lower pH 
after one week. 

HEMAGGLUTINATIVE ACTIVITY 

The resemblance of the lesions produced 
by egg-passaged strains of influenza and 
Newcastle disease viruses prompted Bur- 
net”? to determine whether embryonic fluids 
containing the latter virus would agglutin- 
ate chicken erythrocytes in a manner similar 
to that effected by the influenza virus**. 
Chicken embryos at the twelfth day of iricu- 
bation were inoculated on the chorioallantoic 
membrane, into the amnionic chamber, or 
suballantoically. The amnionic and allantoic 
fluids were collected and pooled after about 
forty-four hours when most of the embryos 
inoculated with Newcastle virus were dead. 
A modification of the Hirst test, as sug- 
gested by Lush*', was employed to permit 
reading of the test according to the sedi- 
mented cells, rather than according to the 
rate and degree of clearing of the medium. 
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After chorioallantoic route inoculation, 
Burnet? found the virus agglutinin titers 
of the different components to be as follows: 
allantoic fluid 20; amnionic -<2; liver 
1,600; lung 1,200; and brain 300. After 
amnionic chamber inoculation, the titers 
were 1:800 for the amnionic fluid, and 
1:200 for the allantoic fluid. Following sub- 
allantoic inoculation of three eggs, all 
showed allantoic fluid titers of 1:320. In 2, 
the amnionic fluids were negative at 1:10, 
the other was positive in this dilution. 
Lush** observed differences in the hemag- 
glutinative activity and pattern between 
Newcastle and fowl plaguc viruses and 
found that modification of the Hirst test 
was necessary to permit demonstration and 
comparison of virus hemagglutination by 
the two viruses. Bronchitis virus in chicken 
and embryonic material failed in Hofstad’s 
experiments*’ to agglutinate chicken eryth- 
rocytes. 

Clark and Nagler** and Burnet?* demon- 
strated differential hemagglutinative activ- 
ity of the Newcastle virus among various 
species of animals. 

Our initial application of the Hirst phe- 
nomenon, as modified by Lush** to demon- 
trate Newcastle virus in infected a.a. fluids, 


yielded indifferent results. This problem 
was overcome by a reduction of the red cell 
suspension from 2 to 1 per cent or less, in- 
cubation of the test at room temperature 
(25 C.) rather than at ice box temperature 
(6 C.), and reading at fifteen, thirty, and 
forty-five minutes instead of at two hours. 
With this modification, a.a. fluids supplied 
by Dr. J. R. Beach, and found negative by 
him with the older procedures, gave posi- 
tive results. 

In several instances, hemagglutination 
tests were done with a.a. fluids from eggs 
inoculated with chicken tissues by several 
routes, with the object of isolation and iden- 
tification of the virus. It was found that, 
following inoculation upon the serosa, the 
a.a. fluids were not hemagglutinative, or 
only slightly so while, with rare exceptions, 
the fluids from eggs infected fatally via the 
allantoic, amnionic, or the intravenous 
routes were active in this respect. 

In comparative studies of the hemagglu- 
tinative properties of Newcastle, fowl 
plague, and influenza A viruses*® for vari- 
ous species of red cells, the results of Bur- 
net?*, Clark and Nagler**, and McClelland 
and Hare*® were largely confirmed. The 
several findings are summarized in table 3. 


TABLE 3—Data on Agglutination of Erythrocytes of Different Species by Newcastle, 
Fowl Plague, and Influenza A Viruses 


Ne Virus 


Clark & 
Lush Burnet” Nagler? H.R.L.* 


FP Virus Influenza A (PRS8) Virus 


McClel- 
land & 


Lush H.R.L. Burnet Hare H.R.L, 


Chicken .. 


Horse 


4+ 
4+ 


Guinea pig 


Monkey (M. rhesus). 
Monkey (M. irus).... 


H.R.L. = Huntington Research Laboratory. 


* = These workers designated optimum or complete agglutination as 3+, whereas this result was indi- 


cated as 4+ in the other work cited 


*= Three other strains of Ne virus employed in this laboratory showed somewhat less hemagglu- 


tinative activity which, with one strain, 
** =A 3+ readin 
against chicken cells, not inabilit 


tion and time factors with a 1:10 dilution of virus. 


*** — Two strains of Ne virus gave negative results. 


led to a negative result with dog cells. 
indicates a lower end point agglutinability of the virus as compared with activity 
to induce complete agglutination under standard cell concentra- 


| 
3+ - 3 Lee 24 
3+ 34 4+ 34 4+ 4+ 
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It is seen that failure of the Ne virus to 
agglutinate horse cells (2 samples) distin- 
guished it from fowl plague and influenza 
A virus. One sample of rhesus monkey 
cells used by us was agglutinated only by 
the plague virus, and two lots of sheep and 
one of cat erythrocytes were also negative 
to the Ne but not the plague virus. 

Subsequent work on the probable differ- 
ential behavior of Newcastle and fowl 
plague virus on various specific erythro- 
cytes revealed that: (1) Ne virus agglu- 
tinated swine cells only slightly, plague 
virus clumped them completely; (2) rabbit 
cells were agglutinated by the Ne virus to 
an extent one fourth to one half that ob- 
tained with chicken cells; plague virus ag- 
glutinated these cells to a titer comparable 
with that of other species tested; and (3) 
turkey and Muscovy duck cells were agglu- 
tinated to titer and in typical manner by 
both the viruses. It was tound also that the 
hemagglutinative titer of the Nc virus was 
retained well after heat, ultraviolet, and 
formalin treatment sufficient to destroy the 
infectivity. 

TABLE 4—Comparisons of 10-Day Embryonating Eggs 
and 35- to 68-Day-Old Chickens for Evaluating 
Nec Virus Inactivation by Specific Serum 
End-point 
virus dilution 


infective in 
0.05 ce. dose for 


M.L.D. virus neu- 
Virus tralized by 0.05 ec. 
strain of RO antiserum* 


In In 
eggs (a.c.) chickens Eggs Chickens 


RO 105 10*,107 10-7 10-7 


10° or< 10° 10-5 10-8 
E 105 or< 108 10- 10-5 or 


104 10° 10 
10°(¢c.a.m.) 10 
10°(am.c.) 10 
10°(i.v.) 10 


een 


* — Three to five individuals were used in each 
series of eggs and chickens, e.g., five eggs each 
for serum + 10* m.1.d., five for serum + 10° m.1.d., 
etc. In cases where the range of test materials or 
eggs or chickens failed to cover the range re- 
quired for end-point titration, < and > signs are 
used to indicate the limits of the tests. 


a.c. = Into allantoic chamber. c.a.m. = Upon 
chorioallantoic membrane. am.c. Into amnionic 
chamber. i.v. = Intravenously. 


The allantoamnionic fluids and tissue ex- 
tracts of a number of embryos (5 or more 
per lot) that had been infected with bron- 
chitis, laryngotracheitis, and fowl and 
pigeon pox, respectively, were tested and 
found incapable of clumping chicken eryth- 
rocytes. Tentative differentiation between 


Newcastle and fowl plague viruses, on the 
basis of hemagglutination pattern and 
velocity for susceptible cells, and on their 
activity for horse cells, should be substan- 
tiated by demonstration of the specific in- 
hibitory action of the immune serums. 


INFECTIVITY FOR MICE 


The earlier work’, especially that of 
Kraneveld and Nasoetion*', established the 
refractivity of white mice to initial infec- 
tion or to adaptation with Newcastle virus. 
Beach!? also was unable to infect mice with 
strains of the virus from California. Only 
Burnet*? used the egg-propagated virus 
which, when introduced intratracheally in 
two doses, caused pneumonia and death 
without, however, becoming adapted to 
serial passage in the mouse. 

Further attempts by us to infect wean- 
ling mice intracerebrally with two strains 
of Newcastle virus, E and 11914, were 
prompted by the higher concentration of 
the virus in infected a.a. fluids than in 
chicken tissues and by the hope of effecting 
mouse pathogenicity and adaptability of the 
virus by alternate or “zig-zag’’ mouse- 
chicken embryo passages. In preliminary 
tests, normal a.a. fluids and embryo tissue 
extracts were without deleterious effects 
when injected intracerebrally in mice. After 
inoculation with the infected fluids, how- 
ever, a considerable number of mice devel- 
oped symptoms and lesions similar to those 
described by Henle and Henle*? with a.a. 
fluid influenza virus. As a rule, affected 
mice were sacrificed at first detection of 
symptoms, while 2 or more surviving mice 
in each series were sacrificed at four to six 
days after inoculation in order to test the 
tissues for virus content in eggs or to at- 
tempt further passage in eggs and mice. 

These experiments previously described**, 
although incomplete, showed that both 
strains of virus, E and 11914, were ob- 
viously lethal to mice. In two mouse series, 
with strain 11914, symptoms and death did 
not occur until the third zig-zag egg-mouse 
passage. The initial inoculation with strain 
E, a.a. fluid virus, not mouse-passaged, as 
well as subsequent ones, caused symptoms 
and death in a high proportion of intra- 
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cranially injected young mice. While virus 
was found to a titer of 10° per 0.03- to 0.04- 
cc. dose in mouse brains as late as ten days 
post-inoculation, it may be assumed, on this 
basis and on virtual nonpathogenicity of 
the “passage” mouse brains for other mice, 
that the Newcastle viruses not only failed 
to multiply significantly in these limited 
mouse passages (1 of 6 series and 1 of 3 
with 11914, 1 of 6 series with E), but were 
eliminated and destroyed quite rapidly. 


virus. By means of cross-neutralization tests, 
and with the assistance of Dobson in England, 
Komarov’® established the presence’ of New- 
castle infection in Palestine. 

Beach” found that, by means of cross- 
neutralization tests, various strains of so-called 
pneumoencephalitis (Newcastle disease) virus 
from chickens and from a turkey flock in dif- 
ferent parts of California were identical. 
Chickens were employed for evaluating these 
neutralization tests and also for showing, by 
reciprocal neutralization trials, the diversity of 
this virus from those of St. Louis encephalitis 


TABLE 5—Cross-Neutralization Test Results with Newcastle (Strain E) and “Pneumoencephalitis” 
(Strains RO, C, 11914) Serums and the Respective Viruses 


Serum’ Number m.1d. of each virus neutralized by 0.05 cc. of serum 
used E strain RO strain C strain 11914 strain 

107 or> 10° or> 108 108 
10° or > 10* or > 10° or > 10° 

beak <105 10° or > 10° 108 

bane 10 10° or> 10° 10 

10? 10¢ 10* or > 10¢ 


UD = Undiluted. E 
Where the range of test materials available or 


eggs employed failed to cover the range required 


for end-point evaluations, < and > signs are used to indicate the limits of the tests. 


Concurrent tests with a strain of fowl 
plague virus verified the numerous previous 
reports that, in contrast to Newcastle virus, 
the pathogenicity for, and adaptation to, 
mice is a native or easily acquired charac- 
teristic of most strains of the plague virus. 


SPECIFIC VIRUS INACTIVATION IN VITRO 


By Serums.—After Doyle’ demonstrated 
that serum from Newcastle immune chickens 
would neutralize or inactivate the virus of the 
disease in vitro, such tests were used quite ex- 
tensively for identification of the disease in 
new areas or foci and particularly to dis- 
tinguish it from fowl plague’. 

More recently, Keogh“ reported that undi- 
luted Ne immune serum, admixed with Ne 
virus in vitro and inoculated upon the serosa, 
protected the chicken embryo against 1,000 
m.l.d.’s of the virus. When the Ne virus was 
introduced upon the membrane and immune 
serum added a half hour later, a much larger 
quantity of the serum than sufficed after ad- 
mixture with the virus was needed to afford 
protection. Keogh* observed also that neutral 
mixtures of serum and virus were nonlethal 
and that demonstrable virus was absent from 
embryos so treated, but that virus was detect- 
able in the tissues when the embryos were pro- 
tected by serum given at an interval after the 


and of western equine encephalomyelitis. 
Beach’ also found that Ne immune serum sent 
from England protected against his strains of 
virus but that fowl plague antiserum was 
without effect against them. Minard and Jung- 
herr™ tested 54 individual chicken serums from 
eight states for their capacity to neutralize, in 


embryonating eggs, a strain of virus from--—~ 


California. They found that 68 per cent of 25 
samples from one flock neutralized more than 
10° and as many as 10° m.l.d.’s of virus, while 
more than 96 per cent of the 29 serums from 
the other sources inactivated 10° or less m.1.d.’s. 
No correlation between serum titer and indivi- 
dual case histories was noted. 

In the present studies, the neutralization 


activity and titer of the serum for virus 
was determined with a large number of 
samples by injecting the serum-virus mix- 
ture into the allantoic chamber of 10- to 
12-day embryonating eggs. Retest of the 
same sample of serum at frequent intervals, 
both before and after storage under a fa- 
vorable environment, indicated that the test 
was satisfactory and reproducible within 
tenfold titer limits. The standard procedure 
was to add undiluted serum to an equal 
quantity of various decimal dilutions of 
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virus up to the estimated end-point infec- 
tive titer. Control titrations of the virus 
alone were always made in parallel. As a 
rule, the mixtures were incubated for thirty 
to ninety minutes at room temperature 
prior to injection, since orientation trials 
had shown no significant differences in 
titers within temporal limits up to twenty- 
four hours and between temperature ranges 
of 22 to 38 C. The results were evaluated 
by 50 per cent end-point mortality during 
a subsequent four-day incubation period of 
the eggs. 

Comparisons of Routes in Eggs and 
Chickens.—Although it was apparent that 
neutralization test determinations in eggs 
via the allantoic route of inoculation would 
suffice, comparisons were made between this 
method and other routes of egg injection, as 
well as with evaluations obtained with 
young susceptible chickens injected intra- 
muscularly. 

The results of a representative protocol, 
in which serum (immune to RO strain of 
California virus) and RO and E strain 
viruses were used, are summarized in table 
4. It appears that, while the virus titers in 
chickens and in eggs via the several routes 
are virtually identical, the highest neutral- 
ization values were obtained in chickens (4 
of 5 tests); somewhat lower titers were 
secured with the allantoic chamber route; 
and the lowest degree of neutralization was 
detected with the chorioallantoic, amnionic 
cavity, and intravenous routes of egg inocu- 
lation. 

Cross-NEUTRALIZATION OF UNKNOWN OR Sus- 
PECTED Nc VirRUS STRAINS AND NEWCASTLE 
Virus 

As a criterion for determining the 
relationship of unknown or Newcastle sus- 
pected viruses with a known Newcastle 
virus, cross-neutralization trials with the 
respective serums were used extensively. 
The results of such tests conducted early 
in the work**, with several “pneumoenceph- 
alitis” strains from California and the Eng- 
lish E strain Newcastle virus, are compiled 
in table 5. It is seen that apparent incon- 
sistencies, perhaps technical in nature, 
occurred in several series. Nevertheless, 


maximum virus inactivation was usually 


obtained with the homologous serums. While 
variations among strains did occur, these 
were within the same range between the F 
strain and the several “pneumoencephalitis” 
strains and not appreciably greater than 
among the latter strains themselves. <Ac- 
cordingly, the identity of so-called pneu- 
moencephalitis and Newcastle disease could 
be considered established by this standard. 


Similar neutralization tests, with the sev- 
eral viruses (NJ, 4F, NY, Perugia, and 
Milano) submitted later, gave closely com- 
parable and similarly conclusive results 
of their serologic identity with Newcastle 
disease. 


Serum Diagnostic Titers.—In initial neu- 
tralization tests with serums from groups 
of hens immunized in the laboratory with 
fowl plague (strain DEI) and Newcastle 
virus (strain E) vaccines, the plague im- 
mune serums, while highly active against 
the specific virus, exhibited also a low 
degree of activity against the Newcastle 
virus. The latter was represented by inac- 
tivation of 1, 10, or 100 m.].d.’s of Ne virus. 
On the other hand, there was no evidence of 
reciprocal neutralization of the plague virus 
by hyperimmune Newcastle serum. This 
observation, and the experience of Minard 
and Jungherr (loc. cit.) with field chicken 
serums, minimized the possibility that 
a limited capacity for specific inactiva- 
tion of Ne virus might indicate experience 
with the virus. Subsequently, tests were 
made with the serums of hens and pullets 
obtained from flocks in Massachusetts and 
New Hampshire, as well as normal labora- 
tory stock birds. Among 46 serums tested, 
14 were completely negative, 11 neutralized 
1 m.L.d., 17 gave titers of 10, and four in- 
activated 100 m.l.d.’s of Newcastle virus, 
strain E.*7 None of these birds or flocks had 
any known history of contact with Ne infec- 
tion or of vaccination. Information derived 
from interval testing of initially negative 
chickens which later survived infection 
with Ne virus indicated that serum titers 
beyond these “normal ranges” might occa- 
sionally develop before the second week and 
usually not until the third week following 
infection.**: 48 
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Opportunity was provided later for test- 
ing the specific virus neutralizing titer of 
chicken serum samples from various field 
sources where Ne infection was suspected to 
exist. Of 14 samples from New York for- 
warded by Dr. H. W. Schoening from Dr. 
Pp. P. Levine, in June, 1945, 11 neutralized 
at least 10* m.l.d.’s, the maximum quantity 
of virus used. Of 33 samples from Maryland 
and New Jersey received from Dr. Schoen- 
ing during April, 1945, 25 gave titers of 
10* or more. 

It was reported that Newcastle virus had 
been demonstrated in, or in relation to, the 
flocks from which the above samples origi- 
nated. Attempts to isolate Ne virus from 
17 samples submitted at the same time from 
the latter source were entirely negative. The 
samples consisted of liver, spleen, and brain 
tissues from advanced clinical cases in 
chickens and were suspended in 50 per cent 
glycerin, 

Stability and Preservation of Immune 
Serum.—The stability of Newcastle immune 
chicken serums, when held in the moist and 
the lyophilized states under various labora- 
tory environments, was tested over a lim- 
ited period of time. Each of three lots of 
serum was distributed in 1- or 2-cc. quanti- 
ties into small tubes. A portion was lyophi- 
lized and sealed in a flame, and the remain- 
der sealed without further manipulation. 
Some tubes of each series were stored at 
37, 6, and —70 C. Tests at the outset and 
at fourteen, forty-four, and seventy-five 
days showed no demonstrable loss in neu- 
tralization titers with either type of mate- 
rial at any of the temperatures. Further 
tests at the lower temperatures were not 
made, but both the moist and lyophilized 
serums were found to have retained their 
full activity after fourteen months of stor- 
age at -70 C. 

Minard and Jungherr® reported the use 
of chicken serums preserved with 0.01 per 
cent Merthiolate for in vitro neutralization 
tests with Newcastle (pneumoencephalitis) 
virus, 

The receipt by us of phenol-preserved 
serum samples for specific antibody tests 
prompted the study of quantitative fac- 
tors with regard to the use of phenol and 


of Merthiolate for preserving serums to be 
tested. These tests revealed that addition of 
phenol up to a maximum concentration of 1 
per cent of the initially sterile serum did 
not affect the embryo or results of the neu- 
tralization tests adversely. The addition of 
0.05 per cent of Merthiolate resulted in evi- 
dence of a considerable toxicity to the em- 
bryo, but 0.02 and 0.01 per cent concentra- 
tions did not injure the embryo nor alter 
the test results as compared to those obtain- 
ed with untreated control serum. The neu- 
tralization titers were the same as initially 
observed when the serums treated with 
Merthiolate (0.02 and 0.01%) or phenol 
(1%) were tested eleven months later. 

Egg Yolk Diagnostic Titers.—Another 
paper”’ reviews the literature dealing with 
the transfer of various antibodies from the 
blood serum of immune hens to the egg yolk 
and with the degree and duration of the 
yolk conferred immunity in chicks. 

In our studies, specific antiviral activity 
comparable to, but somewhat lower in titer 
than, that present in the serums of New- 
castle disease vaccinated or recovered hens 
was demonstrated in the yolks of eggs laid 
by these hens. 

Specific Neutralization of Virus Hemag- 
glutination.—Inhibition of the clumping ac- 
tion of Newcastle virus for chicken cells by 
specific immune serum was demonstrated 
by Burnet®?? and by Lush**. Lush showed 
also that fowl plague virus possesses pro- 
nounced hemagglutination activity, and 
the use of the respective specific immune 
serums, in inhibition tests, verified the ab- 
sence of serologic relationship between the 
plague and Newcastle viruses. 

Immune serums from rabbits and chick- 
ens were found, in our work, to inhibit 
specifically the clumping of chicken cells by 
the several strains of Newcastle virus. As 
was the case with serum-virus neutraliza- 
tion tests upon embryonated eggs, some evi- 
dence of strain specificity was also seen 
with this test. Lack of relationship be- 
tween plague and Newcastle viruses was 
further confirmed in our tests. Occasional 
difficulty was encountered due to the ag- 
glutination and sedimentation of the cells 
by certain samples of serum. This prop- 


i 
i 
i 
a 
’ 
‘ 


302 BRANDLY—MosEsS—J UNGHERR—JONES Am. J. Ver. Res 


erty could not be altered by heating at 
56 C. for thirty minutes, but dilution was 
effective occasionally with high titer ser- 
ums. ° Dilution of the immune serum was 
necessary frequently especially where the 
virus agglutination titer was low, i.e., 1:80 
or less. 
The use of known Newcastle immune 
TABLE 6—Immunity Challenge of Fowl Plague (FP), 
Newcastle Disease (Nc), Infectious Bronchitis 
(1B), Coryza (C), and Laryngotracheitis (Lt) 
Immune Chickens with Fowl Plague or 
Newcastle Virus 


Challenge exposure No. died/ 
Virus No. m.1.d. no. exposed 


Status of 
test chickens 


Nc immune ........ FP* 10° 8/8 


Stock controls .... FP 10° 10/10 
Ne immune ........ E** 10 0/12 
FP immune ....... E 10 11/11 
Stock controls ..... E 10* 10/10 
PP ....... B 108 10/10 
IB + C immune... E 10* 12/12 


re E 108 8/8 


Fowl Plague virus, Strain DEI. ** 

castle virus, Strain E. 

serums to establish the specificity of the 
hemagglutination response caused by a sus- 
pected virus, nevertheless, would appear to 
be an invaluable diagnostic requirement. 
Determinations of the capacity of unknown 
serums to inhibit hemagglutination by 
Newcastle virus may be useful also in ap- 
praising the status of individual flocks with 
regard to Newcastle disease and in surveys 
to ascertain the presence and distribution 
of the disease. 


CROSS-IMMUNITY RELATIONSHIPS 


The capacity for cross-immunization 
served to establish the identity with the 
initial Newcastle virus infection of later 
outbreaks of disease among poultry in the 
Dutch East Indies, the Philippines, India, 
Korea, Japan, Australia, and England’. 
Furthermore, the lack of any cross-immuni- 
ty relationship has served finally, in nu- 
merous instances, to distinguish Newcastle 
disease and fowl plague. The atypical fowl 
plague of Egypt, which had many of the 
characteristics of Newcastle disease, was 
shown by Purchase*® to be different im- 
munologically from the latter, and allied 
with typical fowl plague. 

The agent of the fowl epizoétic in Italy 
which Vianello'' thought was laryngotra- 


cheitis was capable of infecting fowls vac- 
cinated with pigeon pox vaccine while re- 
covered birds developed unmodified pigeon 
pox “takes.” Bianchi'® inoculated or ex- 
posed by contact with fowl plague a num- 
ber of chickens recovered from or hyper- 
immunized against the Italian malady, and 
al] succumbed. 

Traub* showed, by cross-immunity tests, 
that the Italian virus supplied by Vianello 
was identical with the “atypical fowl pest” 
present in Germany and that both these 
viruses failed to exhibit reciprocal immun- 
ity with classical fowl plague. In this 
country, Stover* reported that all of 19 
bronchitis recovered chickens were suscept- 
ible to the “respiratory-nervous disorder” 
virus. Fifty per cent of the chickens 
demonstrated to be refractory to the latter 
disease were still susceptible to artificial 
exposure to infectious bronchitis. Such 
chickens were likewise susceptible to laryn- 
gotracheitis and coryza. Beach’? reported, 
on the basis of cross-immunity tests, that 
so-called pneumoencephalitis unre- 
lated to avian encephalomyelitis (epidemic 
tremor) and western equine encephalomye- 
litis. 


TABLE 7—Cross-Immunity among Newcastle Immune 
(Strain E) Vaccinated and Recovered Birds and 
Birds Vaccinated against or Surviving Various 
other Strains of Suspected Newcastle 
Virus 


Immunity challenge 


No. No. affec- 
Status of m.1.d in- ted/no. 
test chickens Virus travenously inoculated 
C vaccinated RO 1085—10* 0/5 
E 10%—10* 1/6* 
E vaccinated ..... E 10°—104 0/5 
RO 10°—10¢ 1/6* 
Stock controls .... RO 10 —10* 7/7 
E 10 —10* 6/6 
E vaccinated ..... NJ 2 x<10° 0/12 
RO vaccinated .... NJ 2 <10° 1/5* 
NJ vaccinated .... E 10¢ 0/5 
Stock controls .... NJ 10?—2 « 10° 13/13 
C survivors and 
vaccinates ...... 4F 10¢ 3/13 
NJ vaccinated .... 4F 108 0/10 
4F survivors ...... E 108 0/6 
Cc 0/6 
NJ 0/7 
11914 10° 0/8 
NY survivors ..... Cc 10° 0/5 
E 108 0/6 
10° 0/6 
Stock controls .... M2 1 —10' 9/10 
E vaccinated ..... M2 108 0/31 
M2 vaccinated .... E 10 0/7 
11914 10 0/8 
M2 108 0/7 


*Showed late central nervous system involve- 
ment, 
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Tests with Fowl Plague, Bronchitis, and 
Laryngotracheitis Immune Chickens.—In 
order to verify the purity and identity of 
the original single strains of Newcastle and 
fowl plague virus available to us, chickens, 
4 to 5 months of age, were immunized with 
the respective formalin-inactivated embryo- 
propagated vaccines. The results of chal- 
lenge with homologous and _ heterologous 
viruses, 10° to 10* m.l.d.’s per bird, as com- 
piled in table 6, confirmed the purity and 
diversity of the two agents on the basis of 
complete absence of immunologic relation- 
ships. The bronchitis immune birds chal- 
lenged for refractivity to Newcastle virus 
were pullets from a flock which had been 
exposed on range shortly before placement 
in laying houses. The laryngotracheitis- 
coryza immune chickens were 2- to 3-month- 
old pullets, supplied through the courtesy 
of Dr. F. R. Beaudette, which had been vac- 
cinated against laryngotracheitis and had 
recovered from subsequent accidental con- 
tact infection with coryza. It is seen that, 
as in the experience of others, recovery 
from, or artificial immunization against, 
the three latter diseases did not lead to 
any refractivity to Newcastle virus. 

Identification of the Several Strains 
with Newcastle Disease by Cross-Immunity 
Tests —The results of various cross-im- 
munity determinations in chickens with the 
original E strain and with several tenta- 
tively identified or unknown strains are 
summarized in table 7. The first six groups 
of chickens listed consisted of 25-day-old 
chicks, stock controls, a group vaccinated 
with “pneumoencephalitis” vaccine number 
12, prepared in California from strain C 
virus by Dr. J. R. Beach, and a group vac- 
cinated with vaccine E 23 prepared in this 
laboratory from strain E infected embryo 
tissues. With the exception of 1 bird in 
each vaccinated lot which showed late 
central nervous system symptoms after 
challenge by the other strain of virus, there 
was apparently present a strong degree of 
reciprocal immunity. The immunologic 
identity of other strains of so-called pneu- 
moencephalitis virus with the classical E 
strain was repeatedly verified in other tests 
during the course of the project work. 


The results of the initial, positive cross- 
immunity tests involving and verifying the 
identity of New Jersey strain, and strains 
E and RO are also given in table 7. It is 
seen likewise that survivors of natural 4F 
strain infection were subsequently refrac- 
tory to strains E, C, and NJ. New Jersey 
strain vaccinates were completely refrac- 
tory, while the C vaccinates were protected 
in a large percentage of cases. Of interest 
in this connection was the evidence encoun- 
tered in several vaccination studies of low 
and variable immunogenicity by the C 
strain. The New York strain virus survi- 
vors were refractory to all three strains— 
C, E, and 4F. The low chicken pathogenic- 
ity of this strain prevented adequate mirror 
tests. The Milano 2 virus, typical of the 
Italian source strains, failed to infect any 
of the E immune chickens, and the M2 vac- 
cinated chickens were immune to challenge 
with the several other viruses. 


DISCUSSION 


The results of this study tend to con- 
firm the difficulties and irregularities en- 
countered by others in isolation of the virus 
from field cases of known or suspected New- 
castle disease. The rapid disappearance 
from, or masking of, the virus in the tissues 
of the host is to be anticipated in view of 
development of a demonstrable refractivity 
to inoculation infection within forty-eight 
hours following vaccination. Early clini- 
cal cases or, preferably, preclinical cases of 
which the time of exposure is known or 
may be estimated accurately should, there- 
fore, be used in attempts to recover the 


virus*®, 


While some evidence from this and other 
work suggests that the concentration of 
virus in chicken tissues is the important 
determinant in establishing infection of 
embryonating eggs, the possibility can not 
be overlooked that some degree of virus 
adaptation from chicken to egg is neces- 
sary, at least where virus content of the 
inoculum is extremely low. The desirabil- 
ity of inoculating susceptible young chick- 
ens, as well as eggs, if the virus is to be 
detected in certain tissues is emphasized 
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by experience with the Italian viruses. 
Here, all of 6 chickens inoculated with 
chicken tissues became affected, and the 
virus was recovered from 4, whereas only 1 
of 24 inoculated eggs succumbed and yield- 
ed the virus. 

A number of attempts failed to recover 
Newcastle virus from chicken tissues by re- 
peated “blind” or “faith” passages in em- 
bryonating eggs. With two samples, the 
passage series were continued to the tenth 
with composite chorioallantoic membranes 
and a.a. fluids of embryos sacrificed at four 
days following injection. Beaudette and 
Black'® obtained similarly negative results 
in contrast to Beach, who reported demon- 
stration of the virus after as many as 34 
blind passages. Recovery of Newcastle 
virus from yolks of eggs laid by a flock two 
months after an active outbreak has re- 
cently been reported by Jungherr®®. Van 
Roekel®' also demonstrated the virus in the 
egg but, in this instance, the flock was 
showing the active clinical disease. 


Observations made with regard to isola- 
tion and propagation of Newcastle and fowl 
plague viruses in this laboratory suggest 
that mixtures of the two viruses may read- 
ily be resolved by use of embryonating eggs. 
Recovery of each virus may be accomplish- 
ed in separate series by admixture with, 
and suppression by, the specific immune 
serum for the other. The fowl plague virus, 
because of its more rapid growth, is re- 
coverable from mixtures with Newcastle 
virus merely by serial passage via the allan- 
toic chamber in eggs at 20 to 24-hour-inter- 
vals. After three to five series of 24-hour- 
passages, the latter agent is absent or 
present only in the low dilutions or in the 
undiluted tissues or fluids of the egg. On 
the other hand, the subjection of the Ne- 
plague virus mixtures to a pH of 4.0 for 
one hour destroys the latter without ap- 
parent injury to the former. 

The failure to agglutinate chicken ery- 
throcytes by the other avian viruses which 
were tested may serve as a means of dis- 
tinguishing them from Newcastle virus. 
Well-marked differences in hemagglutina- 
tive optimums, with regard to velocity and 


pattern, have been verified for Newcastle 
and fowl plague viruses. The demonstra- 
tion that fowl plague virus may clump the 
red cells of a number of animal species, in- 
cluding the horse and cat, both of which 
were not agglutinated by Newcastle virus, 
provides an additional differentia] feature. 

The infectivity of the several Newcastle 
virus strains for pigeons was not deter- 
mined. On the other hand, it was shown 
for the first time that Newcastle virus in- 
fected a.a. fluids were lethal to young white 
mice via the cerebral route. One strain, E, 
was “toxic” from the initial passage on- 
ward. Another strain, 11914, was lethal via 
intracerebral passage only after the second 
alternate mouse to egg passage. The virus 
was demonstrable in mouse brain as long 
as ten days post-inoculation, but no evidence 
was obtained of adaptation to, or infectiv- 
ity for, mice as commonly occurs with fowl 
plague strains. 

Definite decreases in pathogenicity for 
chickens were seen with several of the 
strains of Newcastle viruses, NJ, NY, and 
4F, after egg passages. Such changes 
among strains in the field should not be 
overlooked from the standpoint of isolation 
and specification procedures. 


In establishing serum titers of 10* to 10* 
as significant of prior Newcastle infection, 
it must be recognized, on the basis of fre- 
quent demonstrations, that vaccination with 
formalin- or ultraviolet-inactivated virus 
may provoke comparable, albeit temporary, 
serum values. It must also be acknowledged 
that, as a result of passive transfer with 
the yolk, the serums of chicks hatched from 


‘eggs laid by immune hens may exhibit a 


high virus inactivation value during the 
first four weeks of life*®. These titers were 
found to be higher than active antibody 
titers resulting during this period from 
vaccination of chicks at 1 week of age. High 
serum titers at this time would, therefore, 
suggest their passive nature and indicate 
antecedent Newcastle experience of the 
dam. 

Although tests were not made of eggs 
from field flocks suspected to have been in- 
fected with, or vaccinated for, Newcastle 
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disease, such a procedure would appear 
adaptable to assessment of the status of 
laying flocks with regard to their Newcastle 
disease history and susceptibility. The fact 
that the yolk antibody titers were some- 
what lower, usually ten to a hundredfold, 
than the serum of the hen would require 
appraisal of yolk titers at a somewhat lower 
level than would be the case with serum 
titers. 

Treatment of Newcastle immune serums 
with phenol up to 1 per cent, or with Mer- 
thiolate up to 0.02 per cent final concentra- 
tions, did not influence the results of specific 
virus neutralization tests in embryonating 
eggs, even after storage of the preserved 
serums for prolonged periods. Practical 
application of this information may permit 
utilization, for survey purposes, of samples 
collected for the pullorum agglutination 
test. 

Identification of Newcastle virus with re- 
gard to other features, as carried out in 
our studies, are included entirely, or in part, 
in other papers‘*.*, 


SUMMARY 


A number of strains of virus originating 
from serious epizoétic infections among 
poultry in the United States and Italy, and 
whose relationship to Newcastle disease had 
not been established at all or to only a 
limited extent, were identified with a known 
strain of Newcastle disease virus. 

The criteria for establishing the identity 
of viruses from California, New Jersey, and 
New York, as well as from Milan and 
Perugia, Italy, with the Hertfordshire, 
England, strain of Newcastle disease and 
among themselves were: (1) infectivity for, 
and isolation in, embryonating chicken em- 
bryos and chickens; (2) course of disease 
and pathology in embryos and chickens; 

3) pH stability range; (4) hemagglutina- 
tive activity for chicken cells and cells from 
certain other species; (5): cross-neutraliza- 
‘ion and agglutination inhibition of the 
several virus strains by the respective im- 
mune serums; and (6) cross-immunity 
among vaccinated and recovered chickens. 

Other pertinent findings derived from 


these studies emphasize the apparent ad- 
vantages in (1) selecting early clinical or 
preclinical cases for isolation of Newcastle 
virus; (2) utilization of penicillin for re- 
covery and titration of the virus from cer- 
tain materials contaminated with bacteria; 
(3) inoculation of susceptible chickens as 
well as embryonating eggs in order to de- 
tect and recover the virus from field out- 
breaks; (4) modification of the virus hem- 
agglutination test to permit quicker and 
easier interpretation; (5) distinction be- 
tween serum neutralization titers present in 
chickens without prior experience with the 
virus and those previously infected or vac- 
cinated; and (6) differentiation of sus- 
pected Newcastle infection from laryngo- 
tracheitis, infectious bronchitis, coryza, and 
from other diseases by means of cross-im- 
munity tests. 
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Immunization of Chickens Against Newcastle Disease 


C, A. BRANDLY**, M.S., D.V.M.; H. E. MOSES>**, M.S., D.V.M.; E. ELIZABETH JONES*, 
Ph.D.; and E. L JUNGHERR®***, D.M.V., Vet. Dipl. 


Boston, Massachusetts 


NUMEROUS earlier efforts to develop a sat- 
isfactory method of active immunization 
against Newcastle disease’, a highly infec- 
tious and destructive malady of chickens 
and other birds, yielded negative or gen- 
erally unsatisfactory results*. The proce- 
dures for attenuation or inactivation of the 
virus often seemed to result in inadequate 
dilution or marked ¢2naturation. In addi- 
tion, apparent irregularities in initial virus 
content of infected tissues probably were 
responsible for the variable and disappoint- 
ing reports with such vaccines. 


Vaccines prepared from infected chicken 
tissues and inactivated by formalin were 
among the earliest to give promise**. Haddow 
and Idnani* also reported encouraging results 
with a formalin-treated vaccine absorbed on 
aluminum hydroxide. A crystal-violet vaccine 
was prepared by Iyer and Dobson* from in- 
fected chicken embryos, which were found by 
them as well as others’**™™ to develop a 
higher and more uniform virus content than 
was obtained in the organs of infected chick- 
ens. The results with the crystal-violet 
product were, however, irregular and unsatis- 
factory. Vianello**reported that a vaccine con- 
sisting of infected chicken organ suspension 
treated with anisole (methyl-phenyl ether) 
gave temporary protection in 60 to 70 per cent 
of fowls vaccinated parenterally. The Italian 
epizoétic with which he was working was ap- 
parently one of Newcastle disease”, although 
he ascribed it to laryngotracheitis. Good re- 
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nimal Industry. Now at the Department of Vet- 
rinary Science, University of Wisconsin. 
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\gricultural Experiment Station. 

***On part time leave, University of Connecticut 
«nd Storrs Agricultural Experiment Station. 


sults were also claimed in immunization of 
fowl against the same malady by Ilieff and 
Barel“, who used an egg-propagated, pheno- 
lized, aluminum - hydroxide - absorbed vaccine. 
Beach’ reported encouraging results from pre- 
liminary immunization studies with the for- 
malin-inactivated, egg-propagated pneumoen- 
cephalitis virus, an infection later shown to be 
immunologically identical with Newcastle dis- 
ease”. Subsequent field trials” yielded evi- 
dence that two doses of the vaccine afforded 
a valuable, although incomplete, degree of pro- 
tection against the natural infection in chick- 
ens. The vaccine was reported to be equally 
effective with an embryo content varying from 
12.5 to 50.0 per cent and when used from forty 
to 509 days after preparation. Traub” ” 
found that two doses of formalinized, infected 
embryo tissue vaccine, or a single treatment 
with the same vaccine absorbed on aluminum 
hydroxide, gave a high degree of active im- 
munity in chickens against the “atypical fowl 
pest” which was obviously Newcastle disease”. 
A single injection of the latter vaccine was 
said to have afforded a high degree of protec- 
tion for at least eight months. After storage 
at 4 C., the vaccines maintained their full ac- 
tivity for eight months. Schaaf” also reported 
favorable results with Traub’s vaccine, as did 
Vianello”. Maas” and Beck” recorded dem- 
onstrable, but incomplete, protection with this 
vaccine under field conditions. 

The earlier attempts to modify the virus by 
passage in other species (pigeon, mouse) were 
unsuccessful*. Topacio and Coronel” reported 
that several passages in ducks did not alter 
the virulence of the virus for chickens. 
Komarov™ was unable to change the virulence 
of the virus for chickens by nine intracerebral 
passages in pigeons but found that, after eight 
passages by this route in ducklings, the virus 
was largely apathogenic for and produced a 
substantial specific immunity, in chickens. 


On the assumption that they were dealing 
with laryngotracheitis, Stazzi” and Vianello™ 
attempted cloacal vaccination” during the Ital- 
ian epizoétic. Virulent material used fresh or 
after drying with glucose and sodium chloride 
was reported to have yielded promising results 
in some establishments but, in others, the dis- 
ease was intensified after three to seven days. 

The first successful modification of Newcas- 
tle virus, Hertfordshire strain, by serial pas- 
sage in embryonating chicken eggs was re- 
ported by Iyer and Dobson™. After 33 egg 


(307) 


ies 
ac- 
IT 
st 
25, 
E. 
of 
ub- 
ith 
“he 
nd 
on 
hi- 
cen 
Aid 
ti- 
lla 
21 
E 
ig- 
31 
of 
To 
Za 
38 
us 
lo- 
*h. 
us 
lo- 
ns 
n- 
he 
rT, 
on 
of 
: 
le 
d 
k, 
a- 
i] 
n 
i] 
° hy 
" 
id 
2 


308 


BRANDLY—MOsES—J ONES—J UNGHERR 


Am. J. VET. Res. 


passages in one series and 14 in another, the 
virus was virtually apathogenic for chickens, 
yet produced an immunity adequate to protect 
against challenge with 10° m.ld.’s of virus 
fourteen to seventeen days later. Inoculation 
of another bird with the spleen taken from a 
chicken sacrificed five days after injection with 
forty-first egg passage virus was, likewise, 
nonpathogenic. The virus, however, was not 
altered in its pathogenicity for embryos after 
58 passages during a period of two years. 

The methods used and the results obtained 
in recent studies upon immunization of chick- 
ens with egg-propagated, inactivated and mod- 
ified, living Newcastle (Nc) virus are de- 
scribed in the following sections. This work 
was initiated in July, 1943, and continued to 
December, 1945. 


PREPARATION OF VACCINES 


The unsatisfactory results obtained with 
infected chicken tissues, as compared to 
prior successful utilization of infected 
chicken embryo tissues, prompted first con- 
sideration of the latter type of material for 
the preparation of inactivated virus vac- 
cines. 

Since the vaccines inactivated by forma- 
lin appeared to have been somewhat more 
effective than those inactivated by other 
chemicals or procedures, and also because of 
the excellent immunogenicity of formalin- 
inactivated equine encephalomyelitis vac- 
cines*®, formalin was employed for our 
initial studies. Later, inactivation by ultra- 
violet light irradiation was undertaken, the 
formalin-killed vaccine serving as the stan- 
dard of comparison. In attempts to pro- 
long the antibody response and the specific 
refractive state, various so-called adjuvants 
and absorbents were added to the forma- 
linized, embryo-tissue viruses. The in- 
fluence of pH and of storage of the vaccines 
on their immunogenicity was also studied. 

Strains of Newcastie Virus Used.—As 
pointed out in previous papers, only the 
Hertfordshire (E) strain of virus obtained 
from the Ministry of Agriculture and Fish- 
eries, Weybridge, England, was available 
at first. Other strains used in the killed or 
living virus immunization studies included: 
strains RO, C, and 11914 from cases of 
“pneumoencephalitis” in California and 
brought to the Laboratory by Dr. J. R. 
Beach on Jan. 8, 1944; New Jersey strains, 


KD and H, received from Dr. F. R. Beau- 
dette in February, 1945; strain 4F isolated 
from the outbreak among laboratory stock 
birds in March, 1945; strain New York, iso- 
lated by Dr. P. P. Levine in June, 1945, and 
forwarded by Dr. H. W. Schoening, U. §. 
Bureau of Animal Industry; and three 
strains, one from the Veterinary Institute 
at Perugia, and two from the Institute at 
Milan, Italy, which were received through 
United States Army channels in August, 
1945. 

Propagation of Newcastle Virus.—Com- 
parisons were made at the outset to deter- 
mine whether one of several routes of 
inoculation would yield higher final virus 
concentrations within the embryonating 
egg. Fertile White Leghorn eggs previously 
incubated at 37 to 38.5 C. for ten to eleven 
days were used for these tests. Dosages of 
0.05 cc., containing 10° to 10* m.ld.’s of 
allantoamnionic (a.a.) fluid virus (E), were 
injected into 5 eggs by each of the follow- 
ing routes: allantoic, amnionic and yolk 
chambers, intravenous, and on the chorio- 
allantoic membrane. After death of the 
embryos, which occurred in all instances be- 
fore the forty-eighth hour, the a.a. fluids 
from each series were pooled and titrated 
via the allantoic chamber route in other 
lots of eggs. The results of the determina- 
tions on two lots of a.a. fluids are listed 
herein. 


Titer of Titer of 
virus lot 1 virus lot 2 


Virus from in- 
oculation via: 


Allantoic chamber ............ 10-* 10-8 
On chorioallantois ............ 10-8 10-8 
Amnionic chamber ............ 10-7 10-° 


In several series, the average embryo sur- 
vival time after intravenous inoculation, as 
determined by candling at four- to twelve- 
hour intervals, was about six hours longer 
than by the allantoic chamber route. Sur- 
vival times after chorioallantoic, yolk and 
amnionic chamber injection, were quite 
similar and about two hours shorter than 
after allantoic chamber instillation. Since 
the titration results indicated that the sim- 
plest method of inoculation, namely, the al- 
lantoic chamber route, was as satisfactory 
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as any, it was used almost exclusively for 
vaccine production. 

The data in table 1 are representative of 
several determinations of virus increase 
(E strain) and of pH values following 
allantoic chamber inoculation of 10-day 


TABLE |—Newcastle Virus Titers and pH Values of 
a.a. Fluids and Embryo Tissue Extracts at Various 
Periods after Allantoic Chamber Inoculation of 
10-Day Embryonating Chicken Eggs 


Tissue in 
incubator Virus titers* pH values 
Hours 

after Hours 

inocu- after A.a. Embryo A.a, Embyro 
lation death fluid extract fluid extract 
12 10-5 10-3 8.21 6.71 
18 10-7 10 8.3 6.63 
24 10-7 10-5 8.29 6.69 
30 10-8 10-6 8.23 6.68 
36 10-8 10-7 8.28 6.92 
42 1 10-8 10-+ 8.3 7.04 
48 6 10-8 10-5 8.23 7.21 
52 10 10-7 10-5 8.19 7.29 

Uninoc- 

sontrols 

ore 0 0 8.2 6.79 
42 12 0 0 7.99 7.03 

a” = Only the piers dilutions of each sample 

were tested: 10-*, 10-5 10-*, 10-*. Thus, some of 


the samples hae. ae “po int readings were 10-* or 
10-* perhaps had tenfold higher titers. 

** = The control embryos in group 9 were re- 
moved from the incubator to the 4 box at the 
time group 1 was removed, Tests were made after 
the death of the embryos by ay ey The last 
group of embryos was removed to the ice box after 
fifty-two hours and after death again returned to 
the 37 C. incubator for an additional ten hours. 


embryonating eggs. Evaluations of virus 
content of embryos were made at different 
periods from extracts obtained by mincing 
the composite of several embryos, centrifug- 
ing it at 3,000 to 4,000 r.p.m. in an angle 
centrifuge, and withdrawing the clarified 
supernatant for dilution and embryo inocu- 
lation, 

Data obtained from an experiment de- 
signed to determine the influence of tem- 
poral and environmental factors on virus 
titer and stability in the a.a. fluids also bear 
on the problem of satisfactory vaccine 
source material. From a lot of 10-day eggs 
inoculated via the allantoic chamber with 
10° m.l.d.’s of virus, groups of 4 embryos 
were removed after twenty-four, forty- 
eight, seventy-two, and ninety-six hours, re- 
spectively. The pooled a.a. fluids collected 
‘rom the several lots were diluted, with the 
minor exceptions noted, to 10 and used as 
inoculums to initiate and to attempt to 


maintain transfer at twenty-four, forty- 
eight, seventy-two, and ninety-six hours, 
respectively, through 15 serial passages. It 
must be pointed out, however, that what 
finally constituted the 48-hour line material 
was removed at thirty-six hours for the first 
three passages; the 72-hour line at forty- 
eight hours; and the 96-hour material at 
seventy-two hours. 


The resulting titer trends depicted in 
figure 1 reveal that the titers were quite 
uniform for the last three lines. Since the 
embryos in these series were dead prior 
to the forty-eighth hour post-inoculation, 
the virus of the latter lines was subjected, 
for periods of twenty-four to forty-eight 
hours, to an environment generally consid- 
ered to be highly deleterious to virus agents. 
In spite of the suggestion that the activity 
of the 96-hour line may have deteriorated 
slightly, the maintenance of an apparently 
nearly maxima! infectivity under such un- 
favorable circumstances attests to the high 
stability of this strain of Newcastle virus. 
The 24-hour period of incubation obviously 
was inadequate to permit development of a 
level of virus concentration sufficiently high 
to maintain serial passage with the dilu- 
tions of inoculum employed. Even with re- 
course to the use of undiluted inoculums or 
of lower dilutions, 10* and 10* as in series 9, 
10, and 11, respectively, there was still a 
tendency for the infectivity to “run out” 
rapidly. 


The matter of maintaining high immuno- 
genicity of the virus after adaptation to 
the egg was of equal importance to that of 
retaining high virus titers for satisfactory 
vaccine production. Possible difficulty was 
anticipated with reference to immunogeni- 
city of the Newcastle virus in view of the 
experiences with equine encephalomyelitis 
Occasional intradermal pass- 
age of this virus in guinea pigs was found 
necessary to maintain its initial immuno- 
genicity for vaccine production*'. Repeated 
passage in laboratory animals of certain 
strains of the latter virus rendered them 
less suitable for determination of antigenic 
potency and also for tests of immunity chal- 
lenge**. The variation in pathogenicity 
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which resulted when the Hertfordshire 
Newcastle virus was carried through nu- 
merous egg passages”® has already been re- 
ferred to. 

In order to guard against possible 
changes in immunogenic character of the 
one strain of virus available at the begin- 
ning of the work, two lines of virus pass- 
age were established. The intravenous line 
(i.v.) was perpetuated by inoculating suc- 
cessive series of embryos via the allantoic 
vein with 0.05 cc. of the diluted and undi- 
luted blood serum of infected embryos. The 
living, and at times moribund, embryos 
were bled twenty to twenty-four hours af- 
ter inoculation, heparin being used as anti- 
coagulant. The allantoic chamber (a.c.) 
line was propagated by transfer of dilutions 
of infected a.a. fluids from an affected 
series to the allantoic chamber of a succeed- 
ing series of eggs. A “high” dilution sub- 
line was maintained by allantoic chamber 
transfer of fluids either from the eggs in- 


oculated with the 10-* dilution or the infec- 
tive end-point series of embryos, 7.e., the 
highest dilution of inoculum still capable of 
infecting 50 per cent or more of the em- 
bryos. The inoculum for a “low” sub-line 
came from series of eggs receiving low di- 
lutions or undiluted a.a. fluid virus. In 
addition to end-point infectivity titrations 
in each series of embryos, similar titrations 
were made in chickens with the a.a. fluids 
of successive fifth passages of the several 
lines. The evaluations in eggs for the 16 
passages of the intravenous and of 21 pass- 
ages of the high and low dilution inocula- 
tion lines are depicted in figure 2. After 
the initial inoculation with a 10° dilution 
and two transfers with undiluted and un- 
titrated a.a. fluid, titers of 10° to 10° were 
reached and maintained in both lines. The 
intravenous line titers showed a slightly 
lower range of values. It is probable here 
that the difference in virus content in in- 
dividual donor embryos, still living, was 
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Fig. |!—Data on infective titers of four allantoic chamber passage lines of Newcastle virus 
for chicken embryos. 
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yreater than among a.a. fluids of embryos 
of the allantoic sac lines, in which instance 
the a.a. fluids had not been collected until 
after death from Nec infection. The results 
of the titrations in chickens were compara- 
ble to those in eggs and likewise indicated 
that this strain of Ne virus had not been 
altered by the different environments. 
Later tests with the 11914 strain of vi- 
rus from California failed to reveal any 
significant alteration in infectivity or im- 


The concentration of formalin employed to 
destroy the infectivity of the virus-infected 
tissues for use in vaccine preparation 
ranged from 0.2 to 0.5 per cent. Critical 
tests with regard to the factors of time. 
temperature, and formalin concentration 
were not deemed necessary in view of our 
previous work with fowl plague virus** and 
that of others with certain egg-propagated 
viruses. Both Newcastle and plague vac- 
cines inactivated by 0.25 per cent formalin 


TABLE 2—Retention of Immunogenicity and of Chicken Infectivity by Newcastle Virus, Strain 11914, 
after 44 Egg Passages 


Vaccination with 
1 ee. formalinized 


‘Virus (egg 


Challenge exposure of vaccinated chickens 


Serum neutralization 
titer values 


"No. af- Days to death 


a.a. fluid, passage Embryo fected/ no. or killed Pre- Pre- 
intravenously number) m.1d.’s exposed with Ne vaccination challenge 
Vaccine E 192 1 1/10 4 

(2nd egg passage) 44 10° 2/11 K6, K6 0 10 or> 
Vaccine E 195 1 0/11 - 
(45th egg passage) 44 1/10 3 0 10? or > 
1 1/3 12 
10 1/3 7 0 0 
1 10? 3/3 6, K8, K8 
Non- 10° 3/3 2, 3, 3 
vaccinated 
controls 1 0/3 
44 10 1/3 7 0 0 
10 2/3 K8, K10 
10° 3/4 4, K3, K3 


K = Killed. 


munogenicity for chickens as a result of 
44 serial passages of the virus in embryo- 
nating eggs. Eggs inoculated with mate- 
rial recovered from the first and forty- 
fourth egg passages, respectively, were 
used for preparing formalinized a.a. fluid 
vaccines, namely, E 192 and E 195. Two 
groups of 21 chickens each were given 1 
cc. of the respective vaccines intravenously 
and, together with suitable controls, chal- 
lenged seven days later—one-half of each 
group was vaccinated with first passage 
virus, the other with that of the forty- 
fourth passage. The results, as given in 
table 2, indicate that both chicken infectiv- 
ity and immunogenicity were retained after 
prolonged passage. They suggested, also, 
that certain unexplainable irregularities en- 
ountered in the immunization studies with 
this strain were not associated with altera- 
tions accruing from egg passage. 


Inactivation of Newcastle Virus in. In- 
jected Embryo Tissues —By Formalin.— 


were found, as reported in a later section, 
to possess excellent keeping qualities. In 
unbuffered a.a. fluids, however, increments 
of formalin up to 0.4 per cent depressed 
the pH progressively but apparently not to 
an undesirable extent. The data are in- 
cluded in the section dealing with the 
effect of method of inactivation on immuno- 
genicity. 

In safety tests of a large number of 
experimental vaccine materials of different 
embryo tissue composition and concentra- 
tion, the active virus was found to have 
survived formalin concentrations of 0.2 to 
0.38 per cent during storage at 6 C. for in- 
tervals as long as two weeks. These few in- 
stances represented entire egg content or 
embryo pulp which, with dilution, resulted 
in rapid loss of infectivity. 

By Ultraviolet Irradiation.—The encour- 
aging reports upon vaccines inactivated by 
ultraviolet irradiation, especially those on 
rabies**, prompted trials early in 1944 with 
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a Hanovia coiled tube which emitted a max- 
imum of light approximating the 2537 A 
wave length. 

Complete inactivation of 35-cc. quantities 
of water-clear, Newcastle-infected, a.a. 
fluids in quartz tubes (25 mm. I. D.) re- 
quired forty-five to fifty-five minutes. Unde- 
sirable increases in temperature of the 
fluids during irradiation were overcome, in 
part, by directing a cold stream of air at the 
container and by mechanical stirring of the 
column of liquid. Preliminary compari- 
sons of the ultraviolet and formalin-inac- 
tivated fluids in chickens showed that the 
former provided only a slight protective 
effect as compared to the usual high im- 
munogenicity of the formalinized product. 
Since similar results were obtained in 
concurrent studies with fowl plague virus, 
further application of the method was dis- 
continued. 

With publication of the encouraging 
reports of Levinson, Oppenheimer, and as- 
sociates**, further studies were undertaken 
by us on ultraviolet light inactivation dur- 
ing the period from August to December, 
1944. Satisfactory vaccines were obtained* 
by inactivating several different viruses 
with rays of a much shorter wave length 
(1600 to 1800A). The facilities for this 
work were made available by courtesy of 


DILUTION (TITER) 
5 
T T 


authorities of the National Institute of 
Health, Bethesda, Md. The exposures of 
the material were kindly made by Dr. Kar! 
Habel. 

Three strains of Newcastle virus, E, RO, 
and 11914, were used in the form of finely 
ground, infected embryo tissue suspended 
in nine parts of the infected a.a. fluid. The 
following data were representative of the 
results of several tests to determine the 
time for, and rate of, destruction of virus 
infectivity for chicken embryos and chick- 
ens: 


Inactivation of virus as 
demonstrated by: 


No. of 30-day old 


Exposure Infective titer chicks survived 
time (seconds) for embryos /no. inoculated 

0 10-* 0/3 

.08 0/3 

2 10-2 0/3 

4 0 1/3 

8 0 3/3 

1,2 0 3/3 

2.0 0 3/3 


The eggs were inoculated via the allan- 
toic chamber with 0.l-cc. quantities of 
various dilutions of virus; the chicks, intra- 
venously with 1 cc. of undiluted material. 

Comparative determinations of immiuno- 
genicity of the ultraviolet and formalin- 
killed vaccines are presented in a later 
section (see table 13). 


PASSAGES 


ALLANTOIC SAC “HIGH’ LINE PASSAGES 
ALLANTOIC SAC “LOW” LINE Passaces 
INTRAVENOUS LINE PASSAGES 


Fig. 2—Data on infective titers of “high”, “low", and intravenous lines of Newcastle virus for 
chicken embryos during 25 passages. 
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The Addition of Adjuvants and Absorb- 
ents.—In several of our experiments prior 
to August, 1944, the failure to obtain from 
vaccination of chickens an adequate im- 
munity to severe inoculation and contact 
exposure suggested the desirability of add- 
ing certain adjuvant or absorbent agents to 
the vaccines. In recent work, Freund** and 
Friedewald** incorporated into certain vac- 
cines absorptive lanolin and paraffin oint- 
ment bases, together w:th killed acidfast 
bacteria with resultant marked increase in, 
and prolongation of, the immunity response 
of experimental animals. Previously alumi- 
num hydroxide, as alumina gel, had been 
used rather extensively for reinforcing the 
response to certain vaccines, notably that 
for foot-and-mouth disease** and, specific- 
ally, Newcastle vaccines as _ previously 

Various substances such as Falba* and 
similar lanolin and oil bases with and with- 
out the addition of acidfast organisms and 
of aluminum hydroxide, as well as the fol- 
lowing substances, were also tested either 
alone or in various combinations for a pos- 
sible adjuvant effect: mineral oil, sesame 
oil, peanut oil, cornstarch, gum arabic, and 
beeswax. Formalinized, embryonated egg 
components, in the usual moist state, served 
as the source antigen in all cases except 
one where the formalinized antigen was 
lyophilized before being suspended. in a 
mineral oil and beeswax mixture, or incor- 
porated in pellets with nutrose as a base. 


Some difficulty was experienced at the 
outset in satisfactorily incorporating the 
oily adjuvants in order to provide a vac- 


cine of satisfactory and uniform consis- 


tency. This was overcome by utilizing a 
mechanical mixer of suitable size and ad- 
iustable rate of speed. The major conclu- 
sions reached in this study were: 


1) Quantities of combined Falba and oil 
vreater than 7.5 and 22.5 per cent, respec- 
tively, of the total vaccine produced tissue 
reactions of undue severity and duration in 
hickens; the latter percentages also repre- 


*Manufactured by Pfaltz & Bauer, Inc., New 
ork, 


sent the maximum contents of these adju- 
vants which may be manipulated readily 
for injection. 

2) The severe inflammatory tissue re- 
sponse, especially of the subcutaneous 
tissues, as well as the sensitization of 
tuberculin, precludes the use of killed Myco- 
bacterium butyricum in the oily adjuvant 
vaccines. 


3) Alumina gel (H-81, Aluminum Ore 
Company) may be incorporated into the 
vaccines in optimum concentrations of 50 
per cent without causing unduly severe or 
prolonged tissue reactions, or without pro- 
ducing a vaccine of undesirable consistency. 

Living Modified Virus Vaccines.—The 
facility with which the immunity evoked 
in chickens by inactivated virus vaccines 
was found to wane provided the incentive 
for efforts to develop or isolate one or more 
Newcastle virus variants which possessed 
the characteristics of being virtually apa- 
thogenic for chickens, yet fully pathogenic 
for chicken embryos and engendering an 
immunity of substantial persistence. Such 
a modified virus would serve to augment 
the immunity produced by the killed virus 
vaccines or for primary immunization. 

The recovery, by Iyer and Dobson”*, of a 
chicken apathogenic variant of the Hert- 
fordshire strain of Newcastle virus sug- 
gested that serial egg passage of this strain 
might yield a similar variant. However, 
as pointed out in the section on propaga- 
tion, prolonged egg passage with strains 
11914 and Hertfordshire failed to effect any 
definite change in virulence for chickens, 
nor did this occur under environments 
designed to bring out a tendency of the 
viruses toward such alteration or modifi- 
cation. 


Additional efforts to attenuate the virus 
for chickens consisted of alternate or zig- 
zag passages from mice by the intracranial 
route to embryonating eggs via the allantoic 
chamber route. No evidence was adduced 
that the two strains of Nec virus (E and 
11914), although lethal in some cases for 
mice**, had acquired any significant modi- 
fication in chicken pathogenicity during the 
seven zig-zag passages. 
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The New Jersey virus, strain KD, first 
egg passage material was inoculated in 
large doses into embryonating eggs and 
chickens of different ages. The chicks 
showed early or advanced symptoms, re- 
spectively, after twenty hours. Other some- 
what older chickens inoculated either with 
the same or smaller quantities of this and 
second egg passage virus sickened in a man- 
ner comparable to that resulting from-inocu- 
lation with the previously studied English 
and California strains. However, later in- 
oculations with virus which had been egg- 
passaged three or more times revealed a 
great loss of chicken pathogenicity since 
as much as 10° embryo m.l.d.’s sometimes 
failed to produce clinical infection. Subse- 
quent isolations from original NJ chicken 
brain, KD strain, as well as another New 
Jersey case, strain H, yielded first egg 
passage virus of very low chicken patho- 
genicity. The 4F strain, as well as the New 
York strain, behaved in a similar manner 
and, thus, there became available several 
modified virus strains for immunization 
studies. 

The virus in the form of unprocessed or 
lyophilized a.a. fluids was used in all studies 
reported in a later part of this paper. 

Testing and Standardization.—Prior to 
inactivation, the Nc-infected egg material 
for use in vaccines was titrated to ascertain 
the virus concentration. Tests for immuno- 
genicity followed inactivation or safety de- 
terminations. 

Evaluation of end-point infective titers 
by means of embryonating eggs provided a 
relatively uniform means of assessment of 
virus content. Lots of virus which, in quan- 
tities of 0.05 cc. of a 10-* dilution, produced 
50 per cent end-point mortality within nine- 
ty-six hours represented values of 20x 10° 
or 2x 10° m.l.d.’s per cubic centimeter and 
were designated as having an antigenic 
value of 2x10° units of virus per cubic 
centimeter. As employed in our studies, a 
maximum 70 per cent concentration of em- 
bryo pulp or whole egg vaccine with such 
virus value, therefore, would contain 
1.4x 10° units per 1-cc. dose. 

For evaluation of the immunogenicity of 
a given vaccine at different intervals, two 
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methods similar in principle were used. The 
first and most extensively employed pro- 
cedure consisted of inoculating groups of 3 
to 10 or more birds intramuscularly with 
single l-cc. doses of the stock or undiluted 
vaccine and with ten and a hundredfold 
dilutions thereof. The immunity was chal- 
lenged after fourteen to twenty-one days, 
or occasionally at seven days, by severe in- 
travenous exposure, usually with 10° chicken 
m.l.d.’s. The relative neutralization titers 
of composite serums from each of the sey- 
eral groups of birds, taken just prior to 
challenge, also served as an indicator of the 
immunity response. Serum titers, however, 
were usually low or negligible for as long 
as one week to ten days after vaccination. 

Less extensively used, but possessing the 
advantage of economy of time, space, and 
care of animals, was the method of giving 
all test birds single 1l-cc. injections of the 
stock vaccine and then exposing them five 
or six days later with graded quantities of 
the virus. One third of the vaccinated birds 
would receive a challenge dose of 107, one 
third 10‘, and the others 10° m.l.d.’s. The 
differential refractivity to the various virus 
inoculums during the early, but rapidly 
ascending, immunity response is illustrated 
by data included in the section on time for 
the development of immunity. 

From the standpoint of standardization, 
certain minimal virus titers should be re- 
quired if maximum vaccine potency is to be 
insured. With a satisfactory source of eggs 
and proper precautions with regard to se- 
lection and handling of the seéd virus, titers 
of 107 to 10° for egg material, including 
whole egg content without albumen, may be 
procured regularly. This material, upon in- 
activation, has been used frequently in a 
concentration of 70 per cent of the final vac- 
cines for experimental use. Even though 
higher titers were not unusual, it would 
seem that the minimum permissible titer 
for the infective material should be 10°. 
Thus, there would be provided some range 
of protective safety since, not infrequently, 
7 and 70 per cent antigen content vaccines 
have given equally satisfactory results as 
determined by the response to challenge ex- 
posure two to three weeks post-vaccination. 
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Because of evidence of strain differences 
in immunogenic potency, this factor must 
be considered in attempts at standardiza- 
tion and selection of virus strains for vac- 
cine manufacture. Some variations, perhaps 
as great or greater thar. those inherent in 
the vaccine, may be anticipated in the re- 
sponse to a given vaccine at different inter- 
vals, or with different lots of test birds. 
Rigid requirements with regard to uniform- 
ity of source test birds, nutrition, and en- 
vironment are, therefore, essential. 


In developing and maintaining modified 
living virus vaccines, emphasis obviously 
must be placed on proper handling to pre- 
vent undesirable changes in pathogenicity 
or immunogenicity. 


IMMUNITY RESPONSE TO VACCINATION 


Means of Evaluation.—Virus Neutraliza- 
tion by Serum.—The neutralization activity 
or titer of the serum for the specific virus 
was determined with a large number of 
samples by inoculation of the serum-virus 
mixtures into the allantoic chamber of 
10- to 12-day embryonating chicken eggs. 
The usual procedure was to admix undiluted 
serum with an equal quantity of various 
decimal dilutions of virus up to the infec- 
tive end-point of the latter. Control titra- 
tions of the virus were always run in 
parallel. The serum-virus mixtures were 
incubated at room temperature for one-half 
to one hour prior to injection and the re- 
sults evaluated after a subsequent egg re- 
incubation period at 36 to 37.5 C. for four 
days or occasionally longer periods. All em- 
bryos which died during this time were 
subjected to autopsy and, in case of doubt 
as to whether death was associated with 
Newcastle infection, subinoculations were 
made into other eggs. 

tepeated tests of given samples of serum 
at frequent intervals, both before and after 
storage in a favorable environment, showed 
that both the method and the test organism 
were satisfactory and yielded closely repro- 
ducible results.. That tests via the allantoic 
route in eggs were comparable, although 
somewhat lower in titer to those obtained 
vu the intramuscular route in chickens, 
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was indicated in results cited in another 
paper®’. 

The serum titers appeared, in a large ma- 
jority of instances, to correspond rather 
closely to the degree of immunity as mani- 
fested by the response of chickens to chal- 
lenge inoculation. Several examples may be 
seen in data cited in other sections of this 
paper (see tables 10 and 11). 


A closer correlation between group serum 
titers and response to challenge inoculation 
apparently could be demonstrated during 
the early or ascending immunity phase. This 
is well illustrated by determinations of the 
times required for the development of im- 
munity after killed virus vaccine and living 
modified virus vaccine had been adminis- 
tered (see table 16). 


Challenge Exposure.—The intravenous 
route was largely employed during the 
course of the work because of apparent 
greater uniformity of the response induced, 
as well as the fact that this route consti- 
tuted a more drastic test of refractivity, 
except perhaps when vaccination was car- 
ried out by the same route. 


In an early experiment**, a group of 
chickens was vaccinated, each receiving 1 
ec. of a nonadjuvant vaccine and challenged 
with 10° m.l.d.’s of virus two weeks later. 
Nine of 12 survived intramuscular exposure 
(the breast muscles opposite the point of 
vaccination ), whereas only 2 of 11 withstood 
challenge by the intravenous route. Sub- 
sequent comparisons in vaccinated and un- 
vaccinated chickens indicated that intra- 
muscular challenge was somewhat more 
drastic than per os. The data in table 3 
would support this observation, although 
there is revealed a disappointingly low 
measure of vaccinal protection. Twelve of 
24 vaccinated birds survived intramuscular 
challenge as compared to 16 of 24 of the 
treated birds exposed by mouth. None of 
19 controls challenged intramuscularly sur- 
vived, whereas 2 of 20 given the virus per os 
lived. The longer survival of animals which 
perished after per os exposure indicated the 
greater severity of intramuscular challenge. 


In addition to evaluation on the basis of 
mortality and length of survival before 
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death after challenge, temporary evidence 
of disturbed health, particularly as ex- 
pressed by mild respiratory symptoms and 
transient lameness or almost imperceptible 
incoérdination, was utilized in attempts to 
assess refractivity. Early onset of symp- 
toms which, as in the unvaccinated controls, 
typified the acute or fulminating disease 
was considered indicative of complete ab- 
sence of demonstrable acquired refractivity. 

With a delayed onset, there was an in- 
crease in incidence of central nervous sys- 
tem symptoms, particularly in the case of 
several U.S.A. strains studied. Sometimes 
the appearance of central nervous system 


parenchyma. It was not unusual to find 
residual lesions of the abdominal and pos. 
terior thoracic air sacs in vaccinated 
chickens which had remained free of symp- 
toms after challenge exposure with the more 
pneumotropic strains of Newcastle virus. 
These lesions consisted chiefly of marked 
indurative involvement, often stellate in 
form, but as far as could be determined, 
their presence did not appreciably affect 
the respiratory or other normal functions. 
These lesions were, therefore, interpreted 
as revealing a measure of susceptibility, 
yet, because they were independent of per- 
ceptible physiologic effect, their presence 


TABLE 3—Influence of Route of Exposure on Survival of Newcastle-Vaccinated and Control Chickens 


Intramuscularly Per os 
Virus No. sur- Average No. sur- Average 
exposure vived/No. days to vived/No. days to 
Prior history (m,1.d.’s) inoculated death inoculated death 
Vaccinated intra- 10 3/5 10 5/5 ss 
muscularly with 1 ce. 10° 3/5 - 5 4/5 6 
vaccine E26, 2 weeks 10° 4/5 4 2/5 5.6 
prior to challenge 10° 1/5 5.3 4/5 5 
10" 1/4 3.6 1/4 3.6 
12/24 16/24 
10 0/3 4 2/3 6 
108 0/3 0/3 
Controls 0 
10¢ 0/3 3.3 0/3 5.6 
not vaccinated 10 0/3 3.6 0/3 5.0 
10° 0/2 2.5 0/2 3.5 
0/2 1.5 0/3 2.5 


expressions of disease was delayed as long 
as twelve to fifteen days, in which case there 
was usually torticollis or other aberrations 
of attitude, posture, or mobility. Neverthe- 
less, in evaluating the efficiency of any 
given vaccine, all individuals which showed 
more than a slight transient disturbance of 
health were classified as significantly affect- 
ed and considered a total economic loss. 
At the termination of the post-challenge 
observational period, the duration of which 
was arbitrarily fixed at two weeks, all sur- 
viving animals were sacrificed and sub- 
jected to necropsy examination. Evidence 
of residual Ne infection was occasionally 
encountered in subjects which had remained 
free of clinical signs of the disease. These 
included subcapsular, punctate, gray foci 
of the spleen, usually quite sparse and scat- 
tered. In rare cases, varying numbers of 
punctate foci were also present in the liver 


was considered insignificant from the prac- 
tical viewpoint. 

Although lesions comparable in distinct- 
ness and regularity to the fowl plague im- 
mune reaction were not recognized in 
Ne-vaccinated and challenged survivors, the 
occurrence of residual lesions in a propor- 
tion of Nc immune birds has been repeat- 
edly observed on gross examination. In 
connection with the eleventh evaluation of 
Ne vaccines having an initial pH of from 
5 to 9, lung, spleen, and kidney tissues of 
37 survivors were examined histologically. 
Of 19 survivors challenged fourteen days 
post-inoculation, 10 revealed residual lesions 
with the smallest number falling into the 
pH 6 group; of 21 survivors challenged 
forty-nine days post-inoculation, 10 we 
affected, with the least number of lesio: 
in the pH 7 group. The same correlati 
prevailed between the histologic evaluat 
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and the neutralization titer pointed out for 
fowl plague vaccines. 

influence of Age and Newcastle History 
of Chickens.—The influence of the age fac- 
tor on the suspectibility of chickens, as well 
as on their capacity to develop satisfactory 
immunity, has been given consideration by 
a number of workers on Newcastle 
disease.*!4? 

In our work, some evidence has been ad- 
duced that, with growth and maturity, there 
is a slight progressive increase in refrac- 
tivity to infection and also an augmented 
capacity to respond to immunogenic stimuli. 
The data presented in table 4 tend to con- 
firm previous observations with regard to 


TABLE 4—Influence of Age at Vaccination on the 
Development of Immunity to Newcastle Disease as 
Determined by Refractivity to Challenge with 10° 

to 10° m.l.d's of Nc Virus at Fourteen Days 
Post-Vaccination 


Results of challenge 


Vaccinated Control 

Age of chickens 1 cc. i.m. chickens 
chickens No. and % No. and % 
survived/no. survived/no. 

exposed exposed 

8 10/16—62 0/9 —0 

staves 15/25—60 0/9 —0 

4 months......... 10/12—80 0/6 

Hens (2-4 years) 7/8 —87 0/4 —0 


im. = intramuscularly. 


this increased reactivity to immunization. 
Chickens 8 days and 1 month of age at the 
time of vaccination showed a survival rate 
of 62 and 60 per cent, respectively. The 
percentage of survival in the 2-month-old 
group was 75, in the 4-month chickens 80, 
and in the 2- to 4-year hens, 87 per cent. 
As previously pointed out, factors of host 
variation may be as great or greater than 
those which influence variability of the 
immunizing agent. Environmental factors, 
including nutrition, temperature, season, 
d climate, have been demonstrated to 
«iter the active immunity response in va- 
us diseases. Data bearing on environ- 
nt of the immediate antecedents have 
en obtained which, as indicated in a pre- 
us paper**, may influence inimically the 
munity function of the offspring. The 
) \k-eonferred passive immunity persisted 
t a marked degree during the first month 
©: life and, while it provided a strong tem- 


porary protection against Ne infection, it 
apparently circumvented the development 
of an active immunity comparable to that 
which may be built up by the offspring of 
Ne-susceptible hens following vaccination. 

Influence of Dosage.—The influence of 
dosage was studied with regard to size of 
single doses as well as to compare single 
and divided doses, the latter with an inter- 
val between doses of one to several weeks. 
Two types of vaccine were employed, one 
with adjuvants, the other without. 

Single Doses.—The results of the experi- 
ment with single doses of .various quantity, 
as compiled in table 5, may be summarized 
as follows: Of the group receiving 5 cc. of 
vaccine by the various routes, 12 of 13 
(92%) survived challenge; those receiving 
1 ec. of vaccine showed a survival of 16 of 
22 (73%); while the 0.1-cc. group showed 
a survival of 15 to 23 (65%). Data from 
various other experiments, nevertheless, 
have shown that within relatively large 
limits differences in dosage may frequently 
not be demonstrable by the differential im- 
munity response of the test animals. 

Data** on comparisons of single and 
divided 1-cc. doses of adjuvant vaccines pre- 
pared from the C strain of virus failed to 
reveal any advantage in using a concen- 
trated (70%) vaccine over a less concen- 
trated (7%) product. Although a 0.7 per 
cent vaccine failed to protect a single sub- 
ject, only 3 of 10 vaccinated birds in each 
group survived challenge after vaccination 
with the respective 7 per cent and 70 per 
cent vaccines. A similar, low immunity re- 
sponse to both concentrations was noted 
with other adjuvant vaccines from the same 
source**. Here again only 3 of 20 birds sur- 
vived in both the 70 per cent (E123) and 7 
per cent (E124) vaccine groups. The serum 
neutralization titers in both experiments 
were slightly higher with the 7 per cent 
than with the 70 per cent vaccine. 

The 70 per cent vaccine (E123) was in- 
jected at a later date into two groups of 5 
chickens each, one group receiving a 5-cc. 
dose, the other a 1-cc. dose. All survived a 
massive challenge inoculation twenty-one 
days later, the serum titers in each instance 
being 10° or more. 
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Single and Divided Doses.—The results 
of two experiments as compiled in table 6 
may be cited as evidence that two 0.5-cc. 
doses at an interval of a week may give 
somewhat better protection than a single 
l-cc. dose when challenge was by the intra- 
venous route or by simulated natural ex- 
posure. The latter exposure was by close 
pen contact with artificially infected birds 
in a highly unsanitary environment. 

Longer Intervals between Two Doses of 
Adjuvant Vaccine.-—Two experiments were 
initiated in an attempt to determine the op- 
timum interval between administration of 
two successive doses of 25 per cent pulp 
base vaccine. 

The first experiment had to be discon- 
tinued at the end of five weeks because of 
the previously mentioned outbreak of Ne 
disease among laboratory stock and vac- 
cinated chickens. However, differences in 
the incidence of gross lesions resulting from 
accidental infection suggested, as was 
pointed out in the section with regard to 
means of evaluation, that a single 1-cc. 
dose evoked a somewhat stronger protection 
than the 0.5-cc. doses given after inter- 
vening periods of one, two, and four weeks, 
respectively. 

The data on a similar experiment, which 
included also a group revaccinated after 
eight weeks, with challenge at fifty-one and 
seventy-eight days after the first vaccina- 
tion, are summarized in table 7. The high 
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mortality to the challenge at fifty-one days 
indicated a subnormal immunity response 
throughout. With a reduced challenge dose 
given after seventy-eight days, the results 
from the single l-cc. vaccination were 
equally as good as, if not better than, the 
divided doses with intervals of one, two, 
and four weeks. The group revaccinated 
after eight weeks, however, showed a con- 
siderably lower incidence of challenge in- 
fection than did the other lots. 

These findings would suggest that the 
quantitative differences in vaccines which 
appear to be quite easily resolved with for- 
molized, embryo tissue vaccine are, to a 
large extent, masked or obviated by the 
addition of certain adjuvants to the vaccine. 

Influence of Route of Administration.— 
From the practical standpoint, the routes 
by which vaccines may be administered are 
limited. Subcutaneous, intramuscular, or 
intraperitoneal injection would appear to 
be the only routes applicable under field 
conditions, not only because of ease of exe- 
cution but because less time and skill are 
required than with the other routes, namely, 
intravenous and intradermal. Furthermore, 
of the various egg source materials which 
may be used for vaccine manufacture, it 
was found that only the a.a. fluid could be 
injected by the intravenous channel without 
danger of immediate ill effects. Later work 
with various adjuvant vaccines revealed 
that intramuscular injection was the method 


TABLE 5—Response of Chickens to Different Doses of Formalinized a.a. Fluid Vaccines sans Adjuvant 


Administered by Several Routes 


_ Vaccination _ ___Chalienge 
No. in- 
jections No. remained No. and % 
x dosage Days post- healthy/no. remained 
(ce.) Route vaccination No. m.1.d.’s challenged healthy 
“1x5 Intravenous 131 to 166 5/5 13/14 
1x1 4/4 93% 
1 x 0.1 4/5 
1x5 Intraperitoneal 131 to 166 4/5 11/14 
2/4 79% 
1X 0.1 10? 5/5 
eS ag Intramuscular 131 to 166 to 3/3 8/11 
1x1 10° 3/4 73% 
1X 0.1 2/4 
“4x1 Subcutaneous 131 to 166 4/5 7/10 
1x 0.1 3/5 10% 
2x2 Intradermal 131 to 166 3/5 4/9 
1X 0.1 1/4 44% 


Number protected by 5 ec. vaccine 12/13 (92%). 
Number protected by 1 cc. vaccine 16/22 (73%). 
Number protected by 0.1 cc. vaccine 15/23 (65%). 
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of choice since the undesirable secondary 
inflammatory and/or indurative reaction 
was considerably less marked and prominent 
by this route than by the subcutaneous and 
intraperitoneal channels. 

The results of early work to compare the 
immunity response to different dosages of 
formalinized a.a. fluid vaccines, alluded to 


TABLE 6—Immunogenicity of Formalinized Newcastle 
Virus Infected Embryo Tissues 


Immunity challenge 


No. 
remained 
Days healthy/ 
no. 
I.m. vaccina- chal- 
Base ee. tion M.1.d.’s lenged 
Embryo 1x1 21 10-*-1C-5 4/12 
pulp 2X 0.5 8/12 
Embryo 
pulp + ae 21 10-*-10-* 7/17 
a.a. 2x 0.5 12/18 
fluid 
Embryo 16- 23 Simulated 4/12 
pulp + 2x 0.5 53- 60 natural 14/18 
a.a. 83- 90 exposure 10/18 
fluid 113-120 6/8 
= intramuscularly. 


in the section immediately preceding, are 
given in table 5. 

The degree of protection afforded with 
1.0- and 0.1-ce. quantities of vaccine was 
greatest with intravenous administration, 
8 of 9 birds (90%) being refractory, and 
was progressively less with other routes of 
administration as follows: intraperitoneal, 
7 of 9 (78%); subcutaneous, 7 of 10 
(70%); intramuscular, 5 of 8 (62%); in- 
tradermal, 4 of 9 (44%). These data thus 
confirm the findings of Nakamura and co- 
workers‘, in which the intravenous route 


yielded the highest degree of protection. 

Further evidence of an earlier immunity 
and antibody response following intraven- 
ous administration may be adduced from 
data such as those recorded in table 2. 
There serum titers of 10* or more were 
demonstrable seven days after intravenous 
injection of an a.a. fluid vaccine. In con- 
trast with various inactivated vaccines, both 
with and without adjuvants, minimal serum 
antibody titers first became perceptible in 
six days following intramuscular injection 
(see tables 15 and 16). From this, it ap- 
pears possible that formalinized, Nc-in- 
fected a.a. fluids administered intraven- 
ously to fowl may have limited usefulness 
in practice, in order to provide an earlier 
protection in case of emergency such as 
accidental exposure of flocks to Ne infec- 
tion. 

Influence of pH of Vaccine and Embryo 
Source.—A study was made to determine 
the influence of different pH values over 
the range 5 to 9, which possibly would be 
encountered under various circumstances, 
upon the antigenicity and keeping qualities 
of Newcastle vaccines. Vaccines composed 
of formalin-inactivated embryo pulp 20 per 
cent, a.a. fluid 40 per cent, and buffer** 40 
per cent, were adjusted to successive unit 
pH values from 5 to 9, inclusive. Storage of 
the vaccine was at 6 C. The influence of 
pH on color and turbidity of the vaccines 
is well illustrated by figure 3. Test birds 
were vaccinated with the several vaccines 
at 11 intervals up to, and including, one 
made at 600 days after preparation of the 


TABLE 7—Results of Comparisons between Response to Single |-cc. Dose of Vaccine and Two 0.5-cc. 
Doses at Intervals of |, 2, 4, and 8 Weeks 


__ Vaccination of pullets _ 


Immunity determination after: 


No. dcses X "No. M.1Ld.’s 51 days 
quantity weeks virus No. sur- Group M.1.d.’s No. sur- Group 
vaccine between challenge vived/no. serum virus vived/No. serum 
Group (ce.) dosages (i.v.) challenged titers challenge challenged titers 
A ee 0 10° 2/7 10? 108 9/13* 10? 
B 2x1 1 10° /7 10 10° 
2x1 2 10° 2/7 108 203 4/10 
D 2x1 4 10° 0/7 10* 103 9/13** <10° 
E ee: 8 10° _— 10? 10° 19/21 10° 
Non-vacci- 0/1 0 108 0/6 
H nated controls 10? 0/2 0 10° 6/3 0 
10% 0/2 0 10% 2/3 0 
1 2/2 0 1 2/3 0 


*Includes 3 birds challenged per os. **Includes 5 birds challenged per os. 
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vaccines. The results as summarized in 
table 8, together with parallel tests on fowl 
plague vaccines, seemed to warrant the fol- 
lowing interpretations: (1) the greater 
stability of the Ne virus, as compared to the 
fowl plague agent, was reflected in the re- 
tention of immunogenicity of the Ne virus 
at pH 5 where immunogenicity was rapidly 
lost by the fowl plague virus*’; (2) in spite 
of apparent fluctuations, the various vac- 
cines retained a large part of their immu- 
nizing values for as long as 471 days. The 
test results at 600 days suggested that per- 
ceptible deterioration of the vaccines had 
occurred, especially among those of the 
higher pH values; and (3) under practical 
circumstances, a considerable range of pH 
is permissible without danger of loss of 
potency of Newcastle disease vaccines. 
Embryo Material.—The physical charac- 
teristics of the several components which 
provide Ne-infected egg material suitable 
for vaccine preparation obviously bear im- 
portantly upon factors concerned with im- 
munity responses, especially the rate of 
absorption of vaccine from the tissues. Rep- 
resentative data including those previously 
cited (see table 1) reveal that the titer of 
the solid tissues from the embryonating egg 
usually did not reach a value as high as that 


demonstrable with the infected a.a. fluid, 
The results from the use of fluids and oj 
solids (embryo pulp, whole egg sans albu- 
men) as vaccines, both with and without 
the addition of adjuvants, indicate that the 
latter tissues were equally as suitable as the 
fluid and often more so (see following sec- 
tion). It must, of course, be emphasized 
that minimal titers of 10-*should be required 
for any material to be used in vaccine 
preparation. 

The observations already cited with re- 
gard to the influence of the “Nc history” of 
vaccination subjects, together with the first 
demonstration that the eggs from Ne im- 
mune hens contained a large amount of 
specific antibody, suggested possible diff- 
culty from the use of eggs laid by Ne im- 
mune hens in vaccine production. Results 
of study of the latter problem, which are 
included in table 9, indicated that formalin- 
ized Ne vaccines prepared from eggs laid by 
Ne immune hens and containing the yolk 
sac with contents were inferior to vaccines 
made from the same egg source but from 
which the yolk and yolk sac were excluded. 
Inclusion of the yolk from Ne susceptible 
hen’s eggs did not alter the immunity re- 
sponse to the vaccine from this source. 

Analysis of the antibody content of differ- 


Fig. 3—Formalinized, Newcastle-infected, embryo tissue vaccine of pk values indicated. With 
decrease in pH, there is progressive change in color and turbidity. 
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t embryo tissues after various periods of During the course of the work, a consider- 
cubation*® yielded interesting information able number of chickens (approximately 
with regard to the “passing over” of yolk 2,100) were utilized with the primary ob- 
antibodies to the embryonic tissues proper. ject of ascertaining the relative serum titers 
However, because of the presence of anti- and the degree and duration of protection 
bodies in various tissues other than yolk, afforded by the adjuvant and the nonad- 
the findings do not satisfactorily account for juvant vaccines. The results of several 
‘served antigenic differences between the experiments have been included here to 


TABLE 8—Keeping Qualities of Formalinized Newcastle Nonadjuvant Vaccines of Different pH Values 
at Intervals during Storage Up to 600 Days 


No. birds survived/ne. vaccinated which survived chalienge exposure of 10° to 10* m.|.d.'s 
intravenously after vaccination with 1.0 cc. vaccine intramuscularly, vaccine having 


er been stored at 6 C. for various intervals, in days a Be 
andpH 14 35 56 7. iil 199 244 $66 600 Total 
E25 2/2 2/2 «8/8 2/2 8/3 3/8 3/8 4/5 3/5 6/6 3/5 40/47—85% 
E26 2/2 1/2 2/8 223 38/8 3/3 5/5 4/6 4/6 4/5 39/49—80% 
E27 2/2 2/3 1/8 6/6 6/6 5/5 5/5 4/4 3/6 39/46—87% 
E278 1/2 5/6 2/3 42/8 1/8 6/6 © 5/5 4/5 3/5 3/5 2/5 37/57—65% 
B29 1/2 6/6 1/3 6/6 76% 
Totals 8/10 12/16 8/12 8/11 7/12 18/18 23/23 28/25 19/25 21/24 13/25 il 
% 80 75 15 73 100 ©1100 92 7% 


*The first group was challenged 14 days post-vaccination, the second, 49 days. 


vaccines with and without yolk. The possi- 
bility that physiological maturation may ac- 
count for the presence of antibodies in one 
tissue and not another was suggested as a 
possible explanation of the differences 
encountered. 

Influence of Adjuvants.—These studies 
embraced a number of agents, already men- 
tioned, which were admixed in various pro- 
portions with the several formalin-inacti- 
vated infected egg components. 


TABLE 9—Comparisons of Immunogenicity of New- 
castle Vaccines Prepared from Eggs Laid by 
Newcastle Susceptible and Immune Hens 


Evaluation of immunity 
by challenge at 21 


and 53 days 
No. No. sur- 
Vaccine m.1.d.’s vived/no. % 
omposition Source virus chal-  sur- 
and % of egzs i.v. lenged vival 
WE 70 9/10 70 
7 Ne 5/10 
——————_ susceptible 
EF 70 hens 9/10 65 
7 106 4/10 
WE 70 0/10 16 
7 Ne 3/9 
immune 
EF 70 hens - 10/10 75 
7 5/10 
Non-vaccinated 16° 0/7 0 


control chickens 1 0/4 
0.1 0/4 


WE= Whole egg content sans albumen. E = 
nbryo pulp. F = Allantoamnionic fluid. 


indicate the advantages, as well as the 
limitations, of adjuvant vaccines as deter- 
mined by these studies. 

The data dealing with a.a. fluid and fluid 
pulp mixtures, in table 6, reveal a low and 
unsatisfactory degree of protection to in- 
oculation and simulated natural exposure 
after intervals of twenty-one to 120 days 
post-vaccination, inasmuch as only 55 per 
cent of 75 chickens were protected com- 
pletely against Ne infection. Division of 
the 1-cc. vaccine dose with one week between 
injections afforded a higher (78%), al- 
though still unsatisfactory, survival rate. 

The study of agents which might aug- 
ment and prolong the initial antibody re- 
sponse was undertaken only after various 
concentrations of a.a. fluid and embryo pulp 
vaccine, either alone or in combination, 
failed to provide a fully satisfactory Ne 
immunity. 

Summarized in table 10 are the results 
of certain comparisons between the embryo 
pulp and whole egg vaccines with and with- 
out adjuvants. Protection, as evaluated by 
the survival rate at fifty-five to ninety 
days, was greater with the adjuvant vac- 
cines, with one exception, i.e., the last two 
groups. The adjuvant effect was more ap- 
parent in case of a.a. fluid antigen. The 


2 
> 
4 
- 
° 


322 


group serum neutralization titers also sup- 
port the evidence for. greater immuno- 
genicity of the latter products. 

The addition of killed Mycobacterium 
butyricum (140 mg.% ) definitely appears to 
have augmented the immunity response. 
However, this agent, in combination with 
the oily adjuvants, produced marked tissue 
reactions as well as tuberculin sensitivity, 
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albumen) antigen to which various adjuvant 
substances were added, both before and 
after lyophilization, have been compiled in 
table 11. Lots of 21 birds each were vac- 
cinated intramuscularly with 1 cc. of vaccine 
of the several products, with the exception 
of the groups given the pelletinized antigen, 
in which case the pellet was introduced sub- 
cutaneously. The chief deductions whic) 


TABLE 10—Immunogenicity of Formalinized Newcastle-Infected Embryo and Whole Egg Content 


Response 
M.1.d.’s virus No. birds 
____ Vaccine ____Challenge neutralized remained 
Antigen Dosage intra- ~ Days post - M.1.d.’s by 0.05 healthy/no 
source muscularly, cc. Vv vaccination intravenously ec. serum challenged 
P 2x 0.5 55 105 1 1/4 

P+A 2x 0.5 55 105 101-108 16/20 

P+ AM 2X 0.5 55 106 10* 8/8 
P+A 1 xX 1.0 55 105 10? 5/ 

WE 1x 1.0 60-90 10¢ 1 5/10 
WE+A 1X 1.0 60-90 10° 10-10? 11/22 
WE + AM 1X 1.0 60-90 10° 1-10° 8/10 

P 1x 1.0 60-90 10° 1 6/10 
Pp + A 1 x 1.0 60-90 10° 108 4/9 
P E mbyro. pulp (509 A Adjuvant (10% » Falba + 40% “heavy oils). M M ycobac te rium butyrict um 
(14 mg. %). WE= Whoie egg content sans albumen (50%). 


thus eliminating it from use in vaccines de- 
signed for field use. The yolk, and perhaps 
other substances in the whole egg vaccine 
material, appeared to have an adjuvant ef- 
fect, possibly by delaying absorption of the 
vaccine from the tissues. 

The results of a comparative experiment 


may be made from this experiment are (1) 
that the process of lyophilization greatly 
reduced the antigenicity of the formalinized 
antigens (vaccines E162 to E165, inclu- 
sive), and (2) that in the concentration 
employed Falba-mineral oil adjuvant ap- 
peared to be superior to the alumina gel as 


with formalinized, whole egg content (sans an adjuvant. Of importance in this con- 
TABLE li—Immunogenicity of Newcastle Vaccines Prepared from Lyophilized and Nonlyophilized 
Formalin-Inactivated Newcastle-infected Embryo Tissues with and without the Addition of 
Various Adjuvants 


4-7 weeks post- -vaccination 


Assessment of immunity 
~ No. m.1.d.’s Ne 


___Vaccine used virus neutral- Per 
Antigen nature Adjuvant — ized by 6.05 cent 
and volume nature and ce. composite No. m.1.d.’s No. survived/No. pro- 
content, % volume, % group serums virus i.v. challenged tected 
70 Al(OH): 30 10° 7/12 58 
7 20% 10%, 10? 7/12 58 
70 Al(OH)s 30 102, 10° 7/12 58 
7 50% 10%, 10? 7/12 58 
70 Beeswax q.s. 0, rr 5/12 42 
LWE 6% + Min- 100 0,1 10° 0/12 0 
7 eral oil, 9 3% 
LWE 95 Nutrose q.s. 0,0 0/12 0 
LNWE = 86 5% saline 
LWE 5 100 0,0 0/12 0 
WE 70 Falba q.s. 10°, 10* 10/12 83 
7 7% 100 8/12 7 
LWE 70* mineral 104, 10? 5/12 42 
q* oil 10", 10? 4/13 31 
Non-vaccinated controls 0, 0 1 2/4 50 
0, 0 10 0/4 0 
0,0 10? 0/4 0 
0,0 10+ 0/4 0 


WE= ‘= Formalinized Ne infected whole egg content sans albumen. LWE = Lyophilate of WE. LNWE  - 
A ge of formalinized normal whole egg content sans albumen. * = After reconstitution with dis- 
t water. 
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nection is the fact that greater concentra- 
tions of alumina gel than were used here 
may be employed without producing a vac- 
cine of undesirable consistency or one which 
causes undesirable and prolonged tissue 
reactions. On the other hand, the concen- 
tration of Falba represented here approxi- 
mates the maximum proportion of this 
agent which may be used without encounter- 
ing the factors in question. 

TABLE 12—Summary of Results of immunogenic 


Analyses of Four Strains of Newcastle Virus on the 
fas of Refractivity to Challenge Inoculation 


% chickens* which survived ‘Total % 


vaccine challenge with 10? to 10¢* survived 
of m.l.d.’s virus of strains: with each 
Strain = 11914 E RO vaccine 
50 60 52.6 
4 r) 10 40 0 17.5 
50 20 80 40 40.7 
RO 0 70 70 90 65.0 
Totais 35.0 37.5 55.3 40.7 


*Indicates the percentage of 10 chickens vac- 
‘inated with 70 and 7 per cent antigen vaccines 
which were refractory to challenge exposure. 

**Only 8 individuals were available in this group 
for challenge. 


) 
1 Influence of Strains of Ne Virus Used for 


. Vaccine.—In view of previous expressions 
} of antigenic differences among the various 
Z Ne strains available to us, an attempt was 
5 made to analyze the six strains (E, 11914, 


B RO, C, NJ, and 4F) upon an immunogenic 
basis. Eggs were inoculated simultaneously 
to provide similar uniform material for 
vaccine preparation. Comparable lots of 
young chickens were vaccinated, although 
at different periods, with 1c. quantities of 
the respective formalinized vaccines of 70, 
7, and 0.7 per cent concentration. At three 
weeks post-vaccination, equal numbers of 
vaccinated birds from each group were chal- 
lenged with massive doses of the several 
strains of virus. Because of great loss of 
pathogenicity by the NJ and 4F viruses, 
comparative analyses could not be com- 
pleted. It may, however, be stated that the 
NJ strain vaccine apparently possessed a 
higher initial immunogenicity against the 
and the three California strains than did 
the 4F product. 

\ summary of these analyses, exclusive 
the largely negative data from the 0.7 
per cent antigen vaccine, is included in table 
\2. Beeause of the threshold protective 
‘aiues which the vaccines afforded against 
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homologous strain viruses (see particularly 
the 7.0 per cent concentrations), the total 
number and per cent of animals which sur- 
vived was relatively low. This circumstance, 
nevertheless, may have permitted a better 
comparison among strains. 

The RO vaccine, in spite of its apparent 
deficiency in protecting against the C virus, 
gave a somewhat higher survival rate than 
the C strain which was next and the E virus 
which was third, but considerably lower in 
demonstrable antigenicity. In these tests, 
the 11914 strain provided only feeble pro- 
tection and, unlike the other strains, did 
not protect best against homologous strain 
challenge. Further evidence of the lower 
immunogenicity of 11914 is also given in the 
next section. In view of the numbers of 
animals involved, the differences among the 
first three strains may not be significant, 
although they do suggest individual varia- 
tions in antigenic structure. 

It is of interest that more of the vacci- 
nated birds withstood challenge with the 
E strain than with the other three strains. 

Influence of Method of Inactivation.— 
The studies dealing with the influence of pH 
on the keeping qualities of formalinized Ne 
vaccine were prompted, in part, by earlier 
observations which suggested that the use 
of formalin fer inactivation might induce 
changes resulting in undesirably low pH 
values of the vaccine. The representative 
data from determinations made on treated 
a.a. fluids are listed herein. 


% formalir added PH readings after 40 days 


None 7.6 

0.05 7.33 
0.1 7.16 
0.2 6.73 
0.4 6.44 


In this connection, reference is made to 
prior evaluations of pH of a.a. fluids and 
extracts of embryos at various intervals 
following inoculation with Ne virus (table 
1). It may be safely assumed that concen- 
trations of formalin up to 0.4 per cent would 
not depress the pH of the embryo tissues to 
a point which might affect the antigenicity 
of the Ne vaccine adversely. 

Direct comparisons of the immunogenic 
potency of adjuvant vaccines prepared from 
strain E infected, embryo-a.a. fluid mix- 
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tures which had been inactivated by for- 
malin or by “short” ultraviolet light (u.v.) 
radiation® are presented in table 13. None 
of the animals treated with the various 
quantities of formalinized vaccine showed 
evidence of Ne disease, and the incidence of 
infection in the u.v. vaccine-treated groups 
was negligible. The specific neutralization 
titers of the respective groups were likewise 
comparable and satisfactory. 

Data contained in subsequent reports*® 
suggested that strain 11914 vaccine, re- 
gardless of whether it was inactivated by 
u.v. or formalin, was less effective anti- 
genically than the E strain vaccine. Only 
a negligible number (3 of 22, previously 
treated with 0.1 cc. or less of the u.v.-killed 
11914 virus and 6 of 12 given similar 
amounts of formalinized vaccine) survived 
challenge exposure. 

The results failed to provide evidence 
that this method of u.v. inactivation is su- 
perior to the older and simpler method of 
formalin inactivation. The u.v. method re- 


TABLE 13—Immunogenicity of 


quires careful control as well as expensive 
equipment. In one instance it was found, 
with the lamps employed at the National 
Institute of Health for these tests, that ex- 
posures which exceeded by two and one-half 
times or more the minimal killing time re- 
quirement had an injurious effect on the 
immunogenicity of the virus.*® This evi- 
dence was derived from three groups of 3 
chickens each which had been given 1 cc. 
of u.v. material treated for various periods 
in order to determine whether it had been 
inactivated. They were challenged with 
10° m.l.d.’s of virus three weeks later. Those 
birds which received material exposed for 
one (1.0) and one and nine-tenths (1.9) 
seconds, respectively, remained healthy, 
while the group given the material treated 
for three and nine-tenths (3.9) seconds 
promptly succumbed to the Ne challenge 
infection. 

Influence of Storage.—This study was 
largely limited to the work already pre- 
sented in the section on the influence of pH. 


Ultraviolet and Formalinized Adjuvant Newcastle Vaccines (strain 


Hertfordshire) in Chickens 


Vaccination of chickens 


intramuscularly Assessment of immunity at 3 weeks post-vaccination 
M.1.d.’s virus 
_ Quantity M.1.d.’s virus neutralized by % survival 
Virus given i.v. for 0.05 ce. serum No. survived/ in comparable 
Vaccine ee. units challenge preéxposure no. challenged exposure groups 
1.0 10” 105 12/12 
89 0.2 2x 10° 10* 12/12 
(2.0 sec 101-10¢ 93 
u.v.) 0.1 10° 10° 3/4 
0.02 2x 108 108 3/4 
1.0 10” 105 12/12 
E 91 0.2 2x 10° 106 12/12 
(0.8 sec — 10-108 96 
u.v.) 0.1 10° 10* 3/4 
0.02 2x 108 10 3/3 
1.0 10x 10 10¢ 12/12 
E 93 0.2 2x 10° 106 12/12 
(formalin 10*-10° 100 
0.2%) 0.1 10° 10¢ 4/4 
0.02 2x 108 10° 4/4 
0.1 0 4/4 
1.0 0 1/4 
None 10 0 1/3 
—- 10 
Controls 10? 0 0/2 
10¢ 0 0/2 
10° 0 0/3 


*One of these birds showed transitory leg weakness on 2nd day post-vaccination. 
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The major implication drawn from the re- 
sults of these experiments was that for- 
malinized-Ne-infected embryo vaccines, 
when kept under environments generally 
favorable for biological products, may be 
expected to retain their immunogenicity for 
a period of at least a year. 

Influence of Stilbestrol Treatment of 
Cockerels.—Limited work in this direction 
was prompted largely because of the use of 
stilbestrol to control the noise from crow- 
ing. For this study, a group of White Leg- 
horn males 2 weeks of age were each im- 
planted subcutaneously with a single 15 mg. 
pellet of diethylstilbestrol.* A number of 
them was then injected immediately with 
Ne vaccine. A similar number, not treated 
with stilbestrol, was divided into lots, part 
of which was vaccinated and the remainder 
left as controls. The results of subsequent 
serum neutralization tests and challenge 
exposures, which are given in table 14, in- 
dicated that the immunity response was not 
influenced appreciably. Of incidental inter- 
est, however, was the observation that the 
collection of cutaneous fat resulting from 


*Supplied by courtesy of Dr. Mark Welsh, 
Lederle Laboratories, Inc. 


stilbestrol treatment increased the suscep- 
tibility to, and incidence of, cannibalistic 
and other traumatic injury. 

Time for the Development of Immunity.— 
Several experiments in which this factor 
was studied, with regard to Nec disease, are 
outlined in the accompanying tables. The 
general plan consisted of vactinating com- 
parable groups of birds with Nec vacvine at 
various intervals prior to a given time, 
when all the birds in the experiment were 
challenged by inoculation with graded doses 
of virus. Table 15, taken from Interim 
Report 8,°° revealed evidence of augmented 
reactivity as early as two days post-vaccina- 
tion. This was seen in the prolongation of 
survival time to the challenge inoculations 
of lesser severity. After four days, the re- 
fractivity was increased to the point that 
only the chickens challenged with 10° 
m.l.d.’s of virus succumbed. 

The fact that serum antibody activity was 
not demonstrable until after full protection 
against infection had developed is worthy 
of note, but of greater practical significance 
was the rapid “immunity” response to the 
Ne vaccine. 

Other data bearing on the time factor in 


TABLE 14—Determination of Possible Influence of Diethylstilbestrol Administered to 2-week-old 
Leghorn Males on the Immunity Response to Newcastle Vaccination 


Treatment Results of i 
Challenge exposure Serum neutralization tests _ 
Vaccination, Number Prechallenge 
Stilbestrol Ne vaccine Days Embryo affected/ Days Pre- 21 days 56 days 
pellets, sub- intra- post-treat- m.l.d. number to treat- post-treat- post-treat- 
cutaneously muscularly ment virus; i.v.inoculated death ment ment ment 
10° 0/5 
21 108 0/5 0 108 
15 mg. 1 ee. - 
10° 0/3 10* 
56 108 *3/3 0 
10° 0/5 
21 10? 0/5 0 
None 1 ce. 
56 107 *3/5 5 0 105 
108 *3/5 
0.1 1/1 11 
1.0 1/1 7 
15 mg. None, 21 10 1/1 4 0 0 
controls 10 1/1 4 
21 0.1 2/2 10, 5 
1.0 2/2 11, K-10 
10 2/2 K18, K4 0 0 
None None, 10? 2/2 4,4 
controls 10? 2/2 4, 5 
0.1 2/2 13, 7 
1.6 *2/2 15 
10 2/2 5, 6 0 0 
10? 2/2 6, 


indicates that 1 or more of the affected birds in 
amination seventeen days after inoculation. 
\ = Killed, with symptoms of Ne disease, on day 


this lot showed lesions of Ne disease at autopsy ex- 
indicated. 
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refractivity development, following injec- 
tion with a living chicken apathogenic virus 
(strain NJ), are compiled in table 16. In 
this case, a formalinized vaccine was pre- 
pared from embryonating eggs inoculated 
with the same sample of KD New Jersey 
strain virus as was used in the live state for 
vaccination of a corresponding group of 
chickens. Because of the lack of pathogen- 
icity of this virus, the E strain was used 
for challenge. This may account, in part, 
for the longer interval before immunity was 
demonstrable and for the less satisfactory 
protection throughout, as compared to the 
earlier study just cited, wherein the homolo- 
gous E strain was used for challenge ex- 
posure. The living virus in this case evoked 
an earlier and more substantial immunity to 
inoculation infection than did the formalin- 
killed material as judged by the alteration of 
the disease course and lesser mortality fol- 
lowing challenge. With the living virus, the 
serum antibody titer also appeared earlier 
and reached a higher threshold by the tenth 


that both the living Ne virus, relatively 
avirulent for chickens, and the formalin-in- 
activated vaccine stimulate the protective 
mechanism in chickens to early and substan- 
tial activity. 

Duration of the Immunity.—As seen by 
the data already presented, the duration of 
the immunity engendered by the various 
formalin-inactivated Ne vaccines has been 
undesirably short from the standpoint of 
practical application. The incorporation of 
adjuvants into the vaccine appeared often 
to enhance and prolong the protection over 
that afforded by the antigenic material sus- 
pended in a.a. fluid or physiologic saline so- 
lution. Good protection against 10° m.].d.’s 
was demonstrable as long as 122 days post- 
vaccination but, in other cases, only slight 
or negligible refractivity was demonstrable 
as early as three weeks following vaccina- 
tion. 

Extended studies on the duration of im- 
munity engendered by the living, weakly 
pathogenic strains were not possible dur- 


ing the interval between demonstration of 
a reduction in chicken pathogenicity of the 


day. 
These findings tend to emphasize the fact 


TABLE 15—Determination of Time Necessary for Development of Immunity in 2- to 3-month-old, 
Chickens to Newcastle Disease Following Intramuscular Injection of | cc. of Formalinized Vaccine 
71 (composed of aa. fluid-40 cc., pulp-20 cc., Falba-7.5 cc., mineral oil-32.5 cc., 
and 140 mg. Mycobacterium butyricum) 


Days from M.1.d.’s of Number sur- Days to Neutralization titer 
vaccination to exposure vived/number death from of pooled serums, 
exposure intravenously exposed Newcastle disease pre-exposure 

‘3 102 2/2 
12 104 2/2 10? 
10° 2/2 
10 10* 2/2 10? 
108 2/2 
8 10¢ 2/2 or < 
10 2/2 
10? 2/2 
6 104 2/2 1 or 0 
10° 2/2 
10? 2/2 
4 104 2/2 0 
10* 0/2 3, 5 
10? 1/2 K13 
2 10¢ 0/2 7, K13 0 
10° 0/2 4, 5 
10? 0/2 5, 5 
0 104 0/2 4, 5 0 
10° 0/2 4, 4 
1 0/2 5, 9 
10 0/2 5, 6 
Unvaccinated 10? 0/2 4, 4 0 
controls 104 0/2 4,4 
10* 0/2 3, 4 


= Killed, 
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KD-NJ and 4F strains and the termination 
of the project work. The data in table 17, 
however, support the effective immunogen- 
icity of quantities as little as 100 em- 
bryo m.l.d.’s of the modified viruses 
against the challenge strain. The immunity 
developed rapidly. That viruses of low 
pathogenicity would evoke an immunity 
comparable in degree and duration to that 
resulting after recovery from a fully viru- 
lent infection is questionable, but the prob- 
lem demands further inquiry. Lack of fa- 
cilities for adequately prolonged isolation of 
a representative number of birds did not 


TABLE !7—Immunization of Chickens against New- 
castle Disease with Weakly Pathogenic 
“Modified” Virus Strains 


Challenge inoculation 


Number 
survived*/ 


Vaccine 


strain Virus Dosage number 
strain m.1.d.’s challenged 
New Jersey E 10? - 10° 53/57 
KD 
4/6 
New York E 106 6/6 
4F 6/6 


*Six birds in the two groups died of inoculation 
infection or were sacrificed after developing symp- 
toms. 


permit study of the immunity duration in 
subjects which survived clinical infection 
with fully virulent strains or cf vaccinates 
refractory to challenge exposure. However, 
the behavior of 2 hens which survived RO 
strain infection on Feb. 11, 1944, as de- 
scribed below, indicates the potential value 
of primary vaccination with avirulent virus 
or of inoculation with virulent virus. Virus 
neutralization assessment of the serums, at 
14 successive intervals up to eighteen 
months, revealed values of not less than 10° 
during the period from March 27, 1944, to 
Aug. 1, 1945. Both birds were completely 
refractory to inoculation of 10° m.l.d.’s of 
the homologous strain of virus at the latter 
time. The more substantial and persistent 
immunity to the living virus was further ex- 
emplified in the case of 40 previously vac- 
cinated, laying pullets which were subse- 
quently exposed to the March, 1945, labora- 
tory epizodtic of Nc disease. Some of these 
birds, vaccinated from one to four months 
previously, developed transitory symptoms 
with slight drop in egg production. When 


sacrificed approximately three months after 
the natural outbreak, the serum titers were 
as follows: 


Number of Pullets Serum titer 
10* 
14 10* 
10 106 
11 10° 
3 107 or> 


These results, together with the great 
augmentation of titer following virus chal- 
lenge in immune birds, suggest that killed 
virus vaccine followed by live virus may be 
considered as a promising practical proce- 
dure. 


DISCUSSION 


The results of these studies on the pre- 
paration and use of egg-propagated, inac- 
tivated, Newcastle virus vaccines bear out 
the general experience with certain other 
virus vaccines. High and uniform virus 
titer and distribution in the embryonating 
eggs, as in the experience of others, favored 
the production of vaccines with maximum 
immunogenic activity. 

Of the methods or routes by which em- 
bryonating chicken eggs were inoculated to 
provide virus-infected tissues for vaccine 
preparation, the allantoamnionic channel 
was found to offer advantages in simplicity 
and economy of time. With deaths of the 
embryos, although longer delayed than af- 
ter inoculation by several other routes, high 
virus concentrations were present in the 
several embryo and egg components. The 
usually higher demonstrable virus titers in 
the a.a. fluids, as compared to extracts of 
the solid embryonic tissues, were not re- 
flected in differences in immunogenic func- 
tion. Rather, it would appear that the cel- 
lular tissues tend to delay absorption and 
thus increase the antigenic efficiency of the 
killed intracellular and absorbed virus. 

The high stability of several strains of 
Ne virus (England and California), under 
unusual and adverse environments, con- 
trasted sharply with the tendency of several 
other strains (eastern U.S.A.) to acquire 
low pathogenicity with one or more routine 
egg passages. During egg passages with 
undiluted or low dilution inoculums, the 
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<everal Newcastle strains studied failed to 
show the interference phenomenon describ- 
ed for influenza virus*' and other viruses*?. 
On the other hand, perhaps blocking or 
interference effects®* were operating and ac- 
countable in part for the early post-vaccinal 
refractivtity of chickens to challenge with 
virulent virus. 

Although application of short ultraviolet 

u.v.) rays to the inactivation of Newcastle 
virus yielded a vaccine comparable to the 
formalin-inactivated product, no advantages 
of the former over the latter were demon- 
strated. Further study of such u.v. inacti- 
vated vaccines is, nevertheless, warranted. 

The considerable variations in response 
to vaccination with the inactivated viruses 
would seem, not infrequently, to be associ- 
ated with age and individual host differ- 
ences. Although the younger chickens (1 
wk. and 1 mo. old) from Ne _ susceptible 
dams responded less satisfactorily to vac- 
cination, the degree of immunity was such 
that use of vaccine in very young chicks in 
the field where outbreaks are present or 
imminent would be justified. The finding 
that the chicks of Ne immune hens may not 
develop an active immunity if vaccinated or 
exposed by contact during the first month** 
emphasizes the importance of an adequate 
history. Since certain components of em- 
bryonating eggs from immune hens were 
not so satisfactory as those from susceptible 
stock in the preparation of vaccines, this 
factor also should not be overlooked in the 
present state of our knowledge. 

That widely different antigen concentra- 
tions of the vaccine at times evoked a simi- 
lar immunity response appears evident from 
the present studies. This is confirmed by 
the observation of Traub’® and Beach". 
However, the demonstration of differences 
in antigen dosages within a tenfold range 
at or near the threshold values apparently 
may be anticipated with comparable test 
animals. Serum antibody titers may be 
ised to evaluate the vaccinal response. They 
may show a fairly close correlation with re- 
fractivity to challenge infection during the 
later ascending phase, and appear also to be 
subject to considerable variation which, in 
turn, may be due to factors other than those 
arising in the antigen or the technique. 


With addition of adjuvants to the anti- 
gen, a tendency to obviate demonstrable dif- 
ferences in response to single and divided 
doses was noted. From this standpoint, the 
desirability of adding adjuvants prior to 
initial immunogenic analysis of a given 
vaccine may be open to question. The re- 
sults obtained in several experiments sug- 
gest that increases in the degree and dura- 
tion of the immunity response to adjuvant 
vaccines would seem to be limited by the 
capacity of the adjuvant to incite rather 
profound changes in the animal. Whether 
the reactive function of the chicken, as com- 
pared to other animals, is an important 
limiting factor remains to be determined. 


In view of evidence suggesting inherent 
differences in antigenic structure and effi- 
ciency among a number of Newcastle 
strains tested, the immunogenic analysis of 
all strains, prior to their use for antigen 
production, is indicated. Polyvalent strains 
of vaccine would also seem desirable on the 
basis of our results. Traub’® also observed 
that, while strains of “atypical fowl pest” 
(Newcastle disease) from different parts 
of Germany and other parts of Europe did 
not show any outstanding immunologic dif- 
ferences, the apparently unimportant im- 
munologic differences existing among the 
many strains made it advisable to use sev- 
eral strains of different origin for vaccine 
production. 


The formalin-inactivated vaccines showed 
good keeping qualities over a range of pH 
values greater than might be anticipated 
under the usual conditions of vaccine prep- 
aration and handling. A greater sensitivity 
toward reactions on the alkaline side was, 
however, indicated. 


The apparent high viability of the New- 
castle virus, particularly at low tempera- 
tures and in the lyophilized state, should 
permit preparation and application of the 
living modified virus vaccines to field use 
without undue difficulty. Standardization 
of the modified virus vaccines will, however, 
demand critical attention and evaluation, as 
well as further study. 


The rapid development of refractivity to 
infection following vaccination emphasizes 
the values of the vaccines described here 
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for use in emergencies. Relatively large 
doses of the killed virus vaccines, given in- 
travenously, may be expected to afford a 
maximum degree of early protection. Iyer 
and Dobson® had previously recorded an in- 
terval of seven days for the development 
of a practicable degree of immunity, while 
Traub'® saw evidence of immunity in in- 
dividual birds after three to seven days and 
in flocks after seven to nine days. 


The relatively transient nature of the im- 
munity derived from the inactivated virus 
vaccines, even when fortified with certain 
adjuvants, definitely limits their useful- 
ness. The use of such vaccines, however, 
is unaccompanied by certain dangers in- 
herent in live virus vaccination, namely, of 
producing serious inoculation infections or 
carriers. The results in our laboratory 
suggest that, in field practice, initial vac- 
cination with killed virus vaccines followed 
after one to two weeks with living modified 
virus may provide a protracted immunity of 
comparable strength with greater safety 
than with the modified virus alone. 


SUMMARY 


The recent literature dealing with the 
preparation of vaccines and of immuniza- 
tion of chickens against Newcastle disease 
is reviewed and discussed. 


The War Research Project work here de- 
scribed deals chiefly with the methods and 
procedures for preparation of living-modi- 
fied, as well as killed, virus vaccines from 
embryonating chicken eggs and with the 
immunity response of chickens to vaccina- 
tion with these products under laboratory 
conditions. The more important observa- 
tions and findings derived from these 
studies are: 


1) Various routes or methods of inocu- 
lation (chorioallantoic, intravenous, yolk, 
allantoic, and amnionic chamber) yielded 
similar high concentrations of virus in the 
various tissues and components of the em- 
bryonating chicken egg. 

2) The high stability and tenacity of a 
number of strains of Newcastle virus was 
affirmed by lack of demonstrable changes 


in pathogenicity and immunogenicity dur- 
ing continued serial passage in embryonat- 
ing eggs. Several other strains, although 
retaining a high and persistent degree of 
pathogenicity for chicken embryos, were 
found after initial or few egg passages to 
be largely apathogenic for chickens. 


3) The addition of formalin or the ir- 
radiation by ultraviolet light, with the ap- 
paratus of Levinson, Oppenheimer, and as- 
sociates**, provided highly immunogenic 
killed virus vaccines. 

4) Several substances, including chiefly 
lanolin and fixed oils, aluminum hydroxide 
(alumina gel), and killed Mycobacterium 
butyricum, were added to these vaccines in 
attempts to enhance and prolong the speci- 
fic active immunity response in chickens. 


5) Certain procedures of preparation 
and testing, together with minimal stand- 
ards for the vaccines, are suggested. 


6) Evaluation of the immunity response 
of chickens to vaccination was accomplish- 
ed satisfactorily by means of serum-virus 
neutralization tests in embryonating eggs 
and challenge inoculation of the vaccinates 
with large doses of virus. 


7) The active immunity response of 
chickens was found to be augmented with 
increasing maturation and, as previously 
recorded, was impaired by congenital pas- 
sive immunity during the first month of 
life. 


8) While certain minimal doses of in- 
activated vaccine were necessary, differ- 
ences in response of test chickens to tenfold 
or greater quantities of antigen were fre- 
quently not demonstrable. 

9) Single doses of the formalinized vac- 
cines were less effective than divided doses 
of the same total quantity given with an 
interval of a week or more. As a rule, 
these differences were resolved by the ad- 
dition of any one of several adjuvant agents 
to the vaccine. 


10) The immunity response of a limited 
number of chickens to administration of 
inactivated allantoamnionic fluid virus was 
most active according to the route of inocu- 
lation as follows: intravenous, intraperi- 
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toneal, subcutaneous, intramuscular, and 
intradermal. 

11) Formalin-inactivated vaccines ad- 
justed to pH values ranging from 5 to 9 
appeared to have retained their immuno- 


genicity well for periods up to 471 days. 


12) Formalinized vaccines containing 
the yolk sac and yolk of eggs laid by New- 
castle immune hens were inferior immuno- 
genically to vaccines made from the same 
source eggs, but from which the yolk sac 
was excluded, or from eggs laid by suscept- 
ible hens in which the yolk sac and its con- 
tent were included. 


13) Incorporation of certain adjuvant 
substances (lanolin and oil bases, alumina 
gel, and killed Mycobacterium butyricum) 
into the formalinized vaccines tended gen- 
erally to augment and prolong the immun- 
ity response of chickens to vaccination. 
With those agents not producing an unduly 
severe and protracted tissue reaction, the 
degree of duration or immunity was, how- 
ever, not regularly enhanced to a satisfac- 
tory extent. 

14) Evidence of antigenic and/or im- 
munogenic differences among _ several 
strains of Newcastle virus studied suggests 
the desirability of analysis of strains be- 
fore use in vaccine production. 

15) Inactivation by formalin appeared 
to have an advantage over killing the virus 
by ultraviolet irradiation. It provides econ- 
omy and a greater margin of safety as re- 
gards denaturation. 

16) Treatment with stilbestrol of young 
cockerels did not appear to influence ap- 
preciably the immunity response to killed 
virus vaccination. 

17) Evidence of increased refractivity 
to inoculation exposure was obtained as 
early as two and four days after vaccina- 
tion with killed or modified living virus 
vaccines. Circulatory neutralizing anti- 
bodies were not demonstrable until six to 
ight days after vaccination. 

18) The duration of the immunity en- 
gendered in chickens by the killed virus 
vaccines was found to vary greatly. Good 
immunity was present up to four months in 
some eases; in others, only slight or neglig- 


ible refractivity was demonstrable after 
three weeks following vaccination. 


19) Evidence is presented that a sub- 
stantial immunity may persist for periods 
of several months to four years following 
experience with living modified virus vac- 
cine or with virulent Newcastle virus. 
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Transmission of Antiviral Activity via the Egg and the Role 
of Congenital Passive Immunity to Newcastle 
Disease in Chickens 


C. A. BRANDLY**, M.S., D.V.M.; H. E. MOSES***, M.S., D.V.M.; and E. L. JUNGHERR®***, 
D.M.V., Vet. Dipl. 


Boston, Massachusetts 


[MMUNITY, conferred passively via the egg 
in birds, in utero or via the colostrum in 
mammals, has long interested immunolo- 
gists'*. Aside from the fundamental 
aspects of immunity thus acquired, the 
phenomenon has considerable practical im- 
portance. The passive protection afforded 
the progeny of immune mothers during 
early life obviously may influence epizodtic 
and enzoédtic disease patterns, and also 
modify ‘the immunity response to concur- 
rent, specific, antigenic stimuli. There are 
also to be considered the anamnestic impli- 
cations of antibody activity by avian egg 
components and the interpretation, from 
the diagnostic standpoint, of serologic re- 
actions during early life. 

The application of egg-propagated vac- 
cines to the immunization of animals, par- 
ticularly poultry’, presents the possibility 
that use of eggs from hens immune to cer- 
tain infections may lead to difficulties in 
the production of the specific vaccines and 
to a reduction of their efficacy. 

Studies on the transmission or “inheritance” 
of immunity in birds were initiated by Klem- 
perer’ who found in 1893 that the yolk, but 
not the white, of eggs laid by fowl which had 
been immunized actively against tetanus gain- 
ed antitoxic properties. Ramon‘ verified this 
work and demonstrated that the tetanus anti- 
toxin in the blood serum of chicks hatched 
from eggs of immunized hens was almost equal 
to that in the egg yolk of such hens. 

This work was done as a part of a research 
project conducted under the direction of a War 
Department Commision consisting of: Brigadier 
(General R. A. Kelser, U. 8S. Army; Dr. R. E. Dyer, 
U. S. Public Health Service; Dr. H. W. Schoening, 
Pathological Division, Bureau of Animal Industry, 
Department of Agriculture, and Dr. E. B. 
l'red, University of Wisconsin. 

*Special Research Associate, »Special Research 
\ssistant. Department of Comparative Pathology 

nd Tropical Medicine, Harvard Medical School. 

*On leave, U. S. Department of Agriculture, 
\gricultural Research Administration, Bureau of 
\nimal Industry. Now at the Department of Vet- 
‘rinary Science, University of Wisconsin, Madison. 

**Now Associate Pathologist, Purdue University 
\gricultural Experiment Station, Lafayette, Ind. 


***On part time leave, University of Connecticut 
nd Storrs Agricultural Experiment Station, Storrs. 


Dziergowski and, later, others reported simi- 
lar findings with diphtheria-immunized chick- 
ens’** and laying ducks’ whose serums con- 
tained demonstrable antitoxin. Dziergowski’ 
observed that diphtheria antitoxin may pass 
from the serum of the hen to the egg cell dur- 
ing maturation in the Graafian follicle and 
that, during the first ten days of incubation, 
antitoxin had passed from the yolk to the em- 
bryo, some of it also having diffused into the 
albumen. He concluded that the cireumstance 
of “immunity inheritance” might better be 
ascribed to a congenitally acquired, passive im- 
munity stemming from the globulin of the 
dam’s serum, since such passive protection was 
demonstrable in the yolk and passed over un- 
altered to the embryo and newborn chick. 
Jukes et al.* and Fraser et al.’ have establish- 
ed the association of the antitoxin with the 
maternal serum globulin and the correspond- 
ing livetin fraction of the egg yolk. The ex- 
periments of Ozawa’ with diphtheria excluded 
the cock as a factor in the passive, yolk-con- 
ferred immunity, a finding verified by Hall- 
auer® for fowl plague. The serum antibody 
titer and resistance of the newly hatched chick 
were found to wane markedly or disappear 
completely after three to four weeks of life 
in the case of diphtheria‘, as well as fowl 
plague’ and fowl spirochetosis”. The congeni- 
tal passive immunity which protected chicks 
against fowl plague inoculation during the 
first weeks of life was found to have prevented 
the subsequent development of a satisfactory 
active immunity’. 

The work of Levaditi" tended to emphasize 
the development and truly passive nature of 
the embryonal immunity to fowl spirochetosis. 
Grimard™ reported that guinea pig antisub- 
stances, engendered in chickens by feeding, 
were demonstrable in the egg yolk as well as 
the serum of the progeny of sensitized hens. 

These findings, together with the observa- 
tion by Vianello” that chicks from hens re- 
covered from what was later shown to be New- 
castle disease were refractory to infection, 
stressed the need for further studies upon con- 
genital immunity to Newcastle disease. 


MATERIALS AND METHODS 


Chickens and Eggs.—Stock eggs and chick- 
ens used in this work were obtained from a 
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large flock of White Leghorns of high quality 
maintained primarily for breeding purposes on 
an isolated farm. Hatching eggs, day-old 
chicks, and a limited number of pullets and 
mature birds were transported directly to the 
laboratory”. The flock had no history or evi- 
dence of Newcastle (Nc) disease infection or 
vaccination. Numerous tests of normal chick- 
ens, serums, and egg yolks from this flock, 
prior to vaccination or infection of the birds 
in the laboratory, failed to show the presence 
of significant neutralization activity” or of 
refractivity to the Newcastle virus. 

Hens and cockerels, 2 to 3 years of age, and 
pullets which had been treated with formalin- 
inactivated, egg-propagated vaccine, strain 
New Jersey, KD, and later exposed to New- 
castle virus provided the fertile “immune” 
eggs for testing and hatchirig. Some eggs laid 
by 2 hens, 80 and 83, that had recovered from 
strain RO contact infection were also used. 
A group of 2-year-old hens identified with leg 
bands of the 800 series were trap-nested to 
supply eggs for several phases of the study. 

Virus.—The strains of virus used included: 
(1) strain Hertfordshire, designated as strain 
E, obtained from the Ministry of Agriculture 
and Fisheries, Weybridge, Surrev, England; 
(2) strain RO supplied by Dr. J. R. Beach, 
University of California; (3) strain New 
Jersey, KD, designated strain NJ and pro- 
vided by Dr. F. R. Beaudette, N. J. Agricul- 
tural Experiment Station; (4) strain 4F, 
which represented the agent responsible for 
an outbreak in some laboratory stock birds 
during March, 1945. More complete informa- 
tion on these strains is given in another 
paper™. 

Stock virus for infection and neutralization 
tests consisted of freshly collected or lyophil- 
ized allantoamnionic fluids taken from repre- 
sentative lots of fatally infected embryonated 
chicken eggs. The minimal titer of allanto- 
amnionic (a.a.) fluid virus which was adopted 
as acceptable for test use was 10° m.l.d.’s per 
0.05 ec., i.e., each cubic centimeter was requir- 
ed to contain at least 20 x 10° embryo m.1.d.’s 
of virus. 

Neutralization and Infectivity Tests—Eggs 
incubated ten to eleven days at 37 to 38 C., 
and containing vigorous embryos, were used 


for determining the neutralization titers of 
serums and other tissues and for infection to 
produce material for vaccines. Blood, serum, 
yolk, albumen, and extracts of various em- 
bryonic tissues, diluted 1:5 where desirable, 
were admixed with equal volumes of different 
decimal dilutions of virus, the mixtures incu- 
bated for one hour at 25 to 27 C., and 0.1-ce. 
quantities injected into series of 3 to 5 em- 
bryonated eggs, each via the allantoic cham- 
ber. Control titrations of virus were carried 
out simultaneously. The eggs were candled 
three times daily. The results of titrations 
in eggs were evaluated according to the 50 per 
cent end-point mortality of embryos during 
the period of ninety-six hours post-injection. 
All dead embryos were examined for gross 
lesions. Determinations were made for the 
presence of virus in test eggs in the case of 
irregular, late, or “questionable” specific mor- 
tality. To prevent evaporation and microbial 
growth during storage at 4 to 5 C., a number 
of eggs laid by Newcastle immune and sus- 
ceptible hens of the 800 series were first 
dipped in a 10 per cent solution of Phenolor* 
in mineral oil. 


RESULTS 


Specific Virus Neutralization Activity 
Tests with Serums and Egg Contents from 
Normal Hens and Hens Recovered from 
Newcastle Disease.—Initial tests were made 
simultaneously with the serums of 8 hens, 
80 and 83, previously mentioned, and 4216, 
and with the albumen and yolk of freshly 
collected eggs laid by them**'!7. The latter 
bird had been kept for four months as a 
susceptible control in a series of Horsfall- 
Bauer isolation units'*. The eggs and 
serum samples were collected, as indicated 
within a given period of several days. To 
permit satisfactory manipulation, the yolk 
and albumen were diluted 1:5 with broth or 
saline. The results of the determinations 
are given in table 1. 


*Manufactured by E. R. Squibb & Sons, Inc. 


TABLE !—Determinations of Neutralization Activity of Serums and Egg Contents from Newcastle 
(Nc) Immune and Susceptible Hens 


Number embryo m.1.d’s virus 


__ Date neutralized by: 
Hen number Serum Serum Yolk Albumen 
and status collected Egg laid Tested Undiluted 1-5 1-5 1-5 
80—Nc—recovered ......... 10/10 10/14 10/16 10¢ 10¢ 108 0 
10/10 10/11 10/30 10* 0 
83—-Nc—recovered ......... 9/10 9/9 9/14 10¢ 108 0 
10/10 10/14 10/16 108 10° 
4216—Nc—susceptible ........ 9/10 9/14 9/14 fy) 0 0 0 
10/10 10/1 10/16 — 0 0 0 
10/10 10/13 10/30 — 0 0 0 
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It is seen that in_no case did the serum 
or egg materials from the Newcastle sus- 
ceptible hen neutralize or alter the effect of 
the virus. Both yolk and serum from hens 
recovered from Newcastle disease exhibited 
a significant capacity to inactivate or neu- 
tralize the specific virus. This finding, to- 
gether with the absence of antiviral action 
by the albumen of the immune hen’s eggs, 


resentative eggs prior to storage and at 
alternate monthly intervals up to six months 
yielded the results presented in table 2. 

The antibody content of the egg yolk 
would, according to these determinations, 
appear to remain quite stable. The storage 
conditions were similar to those found 
favorable for preserving specific antiserums 
in the moist state’®. 


TABLE 2—Stability during Storage of Newcastle Virus Antibody in the Yolk of Eggs from 
Immune Hens 


~~ Number of embryo m.1.d.’s of Ne virus neutralized by 0.05 cc. of yolk 
(1:5 dilution) from eggs after storage at’6 C. for: 


Bees laid 
0 months 


~ 108 
102, 10¢ 
0, 0 


Susceptible 


thus serves to establish and correlate the 
similarity of this phenomenon in New- 
castle disease with that for fowl plague and 
other infections (loc. cit.). 


Later, determinations were made upon 
yolk and serum samples from 5 hens of an- 
other group (series 800). These materials 
were collected during a period of ninety- 
three days post-vaccination and of about 
sixty days post-exposure to active infection 
with 4F strain virus. The immune response 
to vaccination was unusually mild and in 
no instance among 30 eggs tested did the 
neutralization titer for the 4F virus exceed 
10? during the thirty days following vac- 
cination. The maximum serum titer during 
this time was 10%. 

The yolk titer values of 18 eggs laid by 
these hens during the forty-day interval, 
beginning approximately with exposure to 
the living virus, showed a marked increase 
within ten days, reaching a peak of 10° in 
four instances. With few exceptions, the 
serum titers continued to exceed, usually 
by ten to 100 times, those of the egg yolks. 
With differences in peak titers among the 
hens, some correlation of individual serum 
and yolk neutralization values was ap- 
parent. 

A number of evaluations were also made 
for the practical purpose of determining 
whether storage of eggs from immune hens 
caused an appreciable alteration of specific 
antiviral activity of the yolk. Tests of rep- 


4 months 


10¢ 10%, 
10°, 108 10? 


0, 


Acquisition of Virus Antibodies by Em- 
bryonic Tissues during Incubation.—Fol- 
lowing the demonstration of specific virus 
neutralizing activity by the yolk of eggs 
laid by Newcastle immune hens, and later 
of postnatal immunity in chicks hatched 
from such eggs, an attempt was made to 
ascertain at what time and to what extent 
the chicken embryo and the extraembryonic 
tissues derived neutralizing antibodies from 
the yolk. 


TABLE 3—Demonstration of Newcastle Virus Neutraliz- 
ing Antibodies in Fertile Eggs from Immune Hens 
Before and During Incubation 


Number of embryo m.1.d.’s neutralized 
Days y 0.05 cc. 

from Em- 

incu- A.A. bryo 

bation Albu- A.A. sac ex- Embryo 


totest men Yolk fluid extract tract serum 


10 or >* 10° 
10* 10*or>* 


10* 


*Titration incomplete due to inadequate material. 


A number of eggs Jaid by the Newcastle 
immune hens were incubated for six, nine, 
twelve, fifteen, and eighteen days, respec- 
tively. The time of incubation was an im- 
portant determining factor in the quantity 
and physical state of various egg and em- 


"818—Ne 10%, 10¢ 
Immune 
825—Ne 10*, 10¢ 
Immune 
10 
1 105 10* 0 | 
10 10° 105 10 | 
10* 1 10 10¢ 10° 
10¢ 10* 10* 
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bryo components. A sufficient amount of 
a.a. fluid to make a satisfactory composite 
sample was obtainable only between the 
sixth and fifteenth day, inclusive. Each 
specimen tested represented at least 3 eggs, 
although as many as 8 were required in 
several instances to provide adequate ma- 
terial for testing. The embryos and extra- 
embryonic tissues were removed aseptically, 
washed in saline, and then minced finely. 
By centrifugation, a clear extract was ob- 
tained which, like the other materials, was 
diluted, 1:5 with saline before testing. For 
most of the time periods, there were tested: 
albumen, yolk, a.a. fluid, extract of allantoic 
and amnionic sacs, embryo extract, and em- 
bryo serum. The results of a single such 
series of evaluations for specific antiviral 
activity by the usual method are compiled 
in table 3. 

The positive albumen titers at nine, 
twelve, and fifteen days may possibly have 
been due to a diffusion of antibodies from 
the yolk, as suggested by Klemperer? and 
Kroo and Orbaneja’®. In view of the ir- 
regular activity manifested by the three 
samples, it is, however, more probable that 
a degree of admixture with other antibody 
“positive” tissues may have been respon- 
sible. 

Although the yolk titers remained at a 
high level throughout the incubation period, 
the degree of titer variation was greater at 
several successive periods than might be 
anticipated. The fact that, in our earlier 
studies, tenfold differences had been en- 
countered at successive test periods indi- 
cates that such degrees of variation may be 
ascribed to technique and host differences. 
The low or negligible neutralization activ- 
ity of the allantoic and amnionic fluids is 
quite striking in contrast to the high titer 
of the yolk, the entire embryo, and the 
extraembryonal membranes. 


It is seen that virus was not neutralized 
by the blood serum to any degree until the 
fifteenth day. This late development of 
antiviral activity by the blood serum and, 
with it, the first demonstrable evidence of 
passive protection of the embryo suggests 
that a certain degree of physiologic matura- 


tion may be necessary for virus inactivation 
in vivo. Data on the latter aspect are pre- 
sented in connection with the following 
study. 

Acquisition of Refractivity during Incu- 
bation.—Attempts were made to determine, 
in a more direct manner, the distribution 
and titer of antiviral activity in eggs from 
Newcastle immune hens. It had been as- 
sumed, at the outset, that the inactivation 
titer in vitro would be reflected in the neu- 
tralization of the virus in vivo. Progressive 
decimal dilutions of virus were inoculated 
into various parts of embryonating immune 
eggs of the same ages employed previously. 
While the yolk and allantoic chamber routes 


TABLE 4—Response to Newcastle Virus Inoculation of 
Eggs at Various Periods of Incubation 


No. of chicks 


hatched and 
resistant 
Embryo age to Ne/No. 
in days of eggs 
when Route of or embryos 
inoculated Inoculum inoculation inoculated 
20 intra 
corporal 15/1 
14/1¢ 
18 virus LV. 3/1: 
107, 104, 10%, 6/14 
15 or 108 m.1.d.’s A.C. 2/9 
into series of 1/9 
12 } or more A.C. 0/10 
eggs each. 0/10 
9 BAS. 0/20 
¥.C. 0/15 
6 ak 0/25 
Te 0/15 


Y.C. = yolk capacity. 
= allantoic cavity. 


LV. = intravenously. A.C. 


are satisfactory for ages up to the eight- 
eenth day, the latter route becomes unsatis- 
factory thereafter. In consequence, the in- 
travenous route was substituted for the 
allantoic route for part of the 18-day-old 
group, and direct intracorporal injection 
for the 20-day-old embryos. The figures on 
individual resistance, as given in table 4, 
are based not only on numbers of chicks 
hatched after inoculation as embryos, but 
on refractivity to a subsequent intramus- 
cular inoculation with 10° embryo m.l.d.’s 
several weeks post-hatching. Chicks which 
died within two days after hatching were 
classified arbitrarily as susceptible. 
Exclusive of probable differences due to 
quantity of inoculum and to route, the em- 
bryo showed, at the time when its serum 
first exhibited antiviral activity at fifteen 


| 
| 
| 
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lays, also a slight refractivity to fatal in- 
fection. This refractivity, as well as the 
serum titer, was augmented at the eight- 
eenth day. At twenty days, the immunity 
to infection with the virus was comparable 
to that demonstrable two days later, i.e., in 
the day-old chick. 

Presence and Duration of Passive Im- 
munity in the Progeny of Newcastle Im- 
mune Hens.—The similarity between New- 
castle disease and fowl plague’, with regard 
to the specific antiviral] potentiality of eggs 
laid by immune hens, suggested that there 
should be a postnatal passive protection to 
Newcastle infection resembling that to fowl 
plague. 

For this study, eggs from Newcastle im- 
mune hens were hatched at successive week- 
ly intervals so that seven lots of chicks 
ranging in age from 1 to 43 days became 
available for inoculation with the same lot 
of virus on the same day. A series of con- 
trol chicks of corresponding ages hatched 
from eggs laid by susceptible hens was not 
considered necessary since experience in 
this laboratory had shown that younger 
normal chicks, as a rule, are more suscept- 
ible than older ones. 


The result summarized in table 5 con- 
firmed the above stated expectation. It is 
evident that the passive immunity to New- 
castle disease was largely exhausted at the 
fifth week of life since specific mortality, 
negligible before that time, became heavy 
at 5 and 6 weeks of age. 


Neutralization titers determined on com- 
posite samples of serum collected just be- 
fore inoculation from 5 or more chicks of 
each age group indicate that, with the ab- 
orption of the yolk, which normally may 
not be completed until the third week of 
life, there is soon a substantial fall in anti- 

dy titer. In view of known variations in 
the time of final yolk absorption, there 
lust be recognized also the possibility of 
differences in development and duration of 
antiviral serum titers among the several 
its of chicks. 

The composite serum values as deter- 
ined for the 4- and 5-week-old chicks were 
ne same, yet no deaths occurred among 
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birds of the former age while 9 of the lat- 
ter succumbed. A lack of correlation be- 
tween serum titer and _ refractivity of 
chickens to inoculation had been observed 
previously, especially during periods when 
active immunity was apparently waning.*° 
It is also probable that, aside from size of 
dose and route of inoculation, the host tis- 
sue is of major importance, especially when 
challenged in a state of active immunity. 


TABLE 5—Duration of Passive Yolk-Conferred Immunity 
in Chicks Hatched from Newcastle Immune Hens 


Chal- 

lenge 
Age of exposure 
chicks m.1.d., 
in days 


No. af- Pre- 

fected/ challenge* 

No. in- serum 
titer 


Source of 
chicks 


0/15 10° 
0/15 


0/15 10* 


Eggs laid by 
Ne-immune 
hens 


108 
0/10 
9/10 10° 


Eggs laid by 
Nec-suscep- 
tible hens 


virus neutralized by 0.05 cc. serum. 


Influence of Congenital Passive Immun- 
ity to Newcastle Disease upon the Active 
Immunity Response to Infection or Vaccina- 
tion.—This problem appeared to be of equal 
importance from the practical consideration 
that congenital passive immunity may af- 
ford a significant, although transient, pro- 
tection to natural infection. 

Infection.—Chicks from immune dams, 
including some from the preceding experi- 
ment, which had resisted challenge inocula- 
tion with 10? or 10° m.l.d.’s of Newcastle 
virus (strain E), intramuscularly, were re- 
inoculated intravenously with 10° m.l.d.’s of 
virus of the same lot after an interval of 
twenty-one or thirty-five days, i.e., at a 
time when congenital passive refractivity 
should have been completely dissipated. 

The data given in table 6 reveal that, of 
the 12 chicks which survived initial inocu- 
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lation of virus at 36 and 43 days of age, 
only 1 had failed to develop a subsequent 
active immunity adequate to protect it com- 
pletely against the second challenge. Com- 
pared with this, the reaction of the two 
next younger groups of chicks reflected a 
progressively lower capacity or ability to 
develop an active immunity, since 9 of 44 
developed fatal infection to the second chal- 
lenge. There was little difference in the 
percentage of protection obtained among 
the 1-, 8-, and 15-day old groups of chicks 
at which time, according to the previous 
serum antibody determinations, the titer re- 
mained at the peak level. Whether the bet- 
ter active immunity exhibited by the older 
groups was largely the result of lower pas- 
sive antibody titer at the time of initial 
challenge, or whether it may have been due 
to a more efficient immunity mechanism af- 
ter the second week of life, cannot be stated. 

Vaccination.—With the object of deter- 
mining the possible abrogating effect of 
congenital passive immunity upon active 
immunization with the specific vaccine, 
chickens from the same immune source as 
those just considered were used. They 
ranged in age from 3 to 6 weeks. Groups 


of these hirds were each given single 1l-cc, 
doses of formalin-inactivated egg-propa- 
gated tissue vaccine. .At three and six 
weeks after treatment, the vaccinated chick- 
ens were challenged by the intravenous 
inoculation of 10° m.|.d.’s of strain E virus. 
Unvaccinated, susceptible, and immune 
source controls of the same ages were: in- 
cluded at each period. 


The results of challenge inoculations are 
tabulated in table 7. A similar but more 
marked pattern of inhibition of the active 
immunity response is apparent in this ex- 
periment than was manifested in the prev- 
ious one where the living virulent virus 
constituted a stronger stimulus. The data 
on the percentage infection and fate of the 
affected birds tend, in several instances, to 
correct apparent irregularities; e.g., it is 
seen that whereas 24 per cent of the 35-day- 
old vaccinated birds were affected as com- 
pared to 38 per cent of the 42-day-old group, 
only 3, or about 10 per cent, of the former 
group became fatally affected as compared 
to 4, or 25 per cent, of the latter. As a 
group, these vaccinated fowl with a back- 
ground of susceptibility showed a relative- 
ly high immunity as compared to those 


TABLE 6—Influence of Yolk-Conferred Passive Immunity upon the Active Immunity 
Response to Newcastle Virus 


Age in days of chickens from Nc- Results of inoculation for challenge of active immunity 
immune dams when challenged for: in chicks surviving passive immunity test 
Active 
immunity** 
resulting 
Passive im- from passive No. af- Survival time of 
munity* con- immunity fected/No. individuals in days 
ferred by yolk challenge inoculated % affected until death or sacrifice 
36 8/15 53 6, 5, 5, K5, 4, K6, K6, 6 
43 7/12 58 K4, 5, 3, 6, 4, K6, K6, R 
50 15/26 45 5, K4, 5, 4, K6, 4, 4, 4, 4, 5, 
36 1/3 5, K4, K6, 5, R, K6 
otic 67 4/16 22 4, 5, 4, K6 
43 0/2 
64 5/19 19 5, 6, 5, K6, K12 
50 0/7 
77 0/2 0 


Controls from Ne-susceptible dams (73 


6, 6, 6, 4, 5, 4, 6, 5, 6, 6, 5,4 
100 


* — Challenge exposure for passive immunity consi 
f same lot cf virus intravenously. 
" 8 = Indicates symptoms of Nec disease. K = Indicates killed with symptoms of Ne disease. R = Indi 
cates residual E lesions attributable to subclinical i 
at termination of experiment 14 days post-challenge. 


sted of 10-? or 10° embryo m.l.d of Hertfordshire 
active immunity consisted of 10° embryo m.l.d 


nfection and present when the bird was sacrificed 
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with immune antecedents. The chickens 
5 and 6 weeks old at vaccination, however, 
showed a surprisingly low degree of resist- 
ance. It is seen also that, in contrast with 
previous experience, a number of the 3- and 
4-week-old, nonvaccinated, control chicks 
from immune dams developed infection af- 
ter challenge. 

Vaccine Production with Eggs from Im- 
mune and Susceptible Hens.—In an attempt 
to assess the relative immunogenicity of 
formalinized vaccines prepared from the 
eggs of hens immune or susceptible to New- 
castle disease, two types of product were 
used. In one, the antigen consisted of dif- 
ferent concentrations (70 and 7%) of 
formalin-inactivated, embryonated egg con- 
tent, sans albumen (WC); in the other, the 
antigen represented minced embryo proper 
(E) plus the a.a. fluids (F) of the same 
eggs. 

The high, initial antibody content of the 
yolk of, “immune” eggs suggested that its 
inclusion in vaccines might affect adversely 
their immunogenic value. Our experience 


had shown that the demonstrable virus con- 
tent of the entire content of infected, sus- 
ceptible, embryonated eggs, exclusive of 
albumen, usually equaled or exceeded the 
probable acceptable minimum for vaccine 
production 20 x 10° m.l.d.’s of virus per 
cubic centimeter. The apparently normal 
susceptibility of 10- to 1ll-day, Newcastle 
immune source eggs to inoculation infec- 
tion with the virus would perhaps ordi- 
narily result in their use for vaccine pro- 
duction. 

The data on the relative protection trials 
with the different vaccines, as evaluated in 
chickens 37 days of age at the time of treat- 
ment are summarized in table 8. The more 
concentrated vaccines appeared, in all cases, 
to be somewhat more effective. The total 
number of individuals protected by treat- 
ment with EF immune, egg source vaccine 
was virtually the same as for both the EF 
and WC vaccines from susceptible eggs. The 
protection afforded by the WC vaccine made 
from immune hen eggs was, however, defi- 
nitely inferior in these tests. These re- 


TABLE 7—Influence of Yolk-Conferred Passive Immunity upon the Active Immunity 


Response to Newcastle Vaccination 


No. embryo 
m.l.d. in 
intravenous 
challenge ex- 


Chickens vaccinated 
with 1 cc. adjuvant 
_ vaccine, intramuscularly 
Age Hatching 
(days) source 


weeks post- 
vaccination 


posure 3 and 6 No. af- 
fected/ No 
challenged 


Survival time in 
days until moribund 


% affected or dead with Ne disease 


9/9 


4, 4, 4, 5, 5, K5, 7, K7, S12 


8/10 


K4, K4, K5, K5, 7, 7, R, R 


7/29 


4, 7, R, R, R, K8, S12 


R, 5, K8, K8, K8, S8 


Immune 


K5, K8 
D7, K7, K7 


10° 


4, K5, K5 
4, 4, 5, 5, 5, K5, 


108 
10° 


7 
, 5, 5, K5, K7, K7 


106° 
10° 


tible 
Suscep 10 
10° 


4 

4, 4, 
4, 4, 
4 


wo 


- 


‘ = Indicates residual Ne 
K — Indicates killed with symptoms of Ne disease. 
*— Death hastened by cannibalism. 


lesions when sacrificed at termination of experiment 14 days post-challenge 


S =—Indicates symptoms followed by recovery. 


Juty, 1946 
10° 6/16 38 
Non-¥aee 
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10° 2/2 2, 2° 
10° 3/3 
= 10/10 100 1, K? 
7/7 
21 7/7 4, 4, 4, 4, 5 
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sults, although demanding repetition and 
verification, suggest the possibility that 
the additional quantity of antibody supplied 
by the yolk, either alone or when combined 
with that in the embryo proper, brought 
about a considerable “neutralization” of 
the virus antigen. 


hens. I. = immune hens. 


DISCUSSION 

The results of the work presented here 
tend to confirm and extend previous obser- 
vations dealing with serum antibody ac- 
tivity of the laying hen, its transference to 
the yolk, and thence to the developing em- 
bryo and extraembryonic tissues. The find- 
ings in the present study with Newcastle 
disease correspond closely with those re- 
ported by Hallauer® in work with fowl] pla- 
gue. The demonstrable antiviral activity 
or titer of yolks from eggs laid by New- 
castle immune hens was, with few excep- 
tions, ten to a hundredfold lower than the 
serum titers of these hens. A similar cor- 
relation had been reported by Ramon‘ for 
tetanus and by Hallauer® for fowl plague. 

As determined by in vitro neutralization 
tests with Newcastle immune hen eggs, sig- 
nificant quantities of specific antiviral sub- 
stances were present in the extracts of em- 
bryo tissues and of amnionic and allantoic 
sacs after six to nine or more days of incu- 
bation. Failure to demonstrate any such ac- 
tivity with the blood serum of the embryo, 
or any resistance of the chick to virus inocu- 
lation prior to the fifteenth day of incuba- 


tion, would suggest association of these 
functions with a certain degree of matura- 
tion of the developing embryo. That acquisi- 
tion of virus neutralizing activity in vitro 
and of a measure of refractivity may be due 
to development of complement or of specific 
amboceptor seems unlikely. Rywosch*', as 


TABLE 8—Comparison of Immunogenicity in Chickens of Newcastle Vaccines Prepared 


from Embryonated Eggs Laid by Immune and Susceptible Hens 


Evaluation of immunity by 


challenge of vaccinated chickens 


after 21 and 53 days _ _. ‘Total no. pro- 


antigen con- Source No. m.1.d. virus No. protected/ tected/no. 


tent, and % of eggs intravenously no. challenged challenged 
I 
Non-vaccinated control chickens... 106 0/7 
1 0/4 
0.1 4/4 
W.C. whole egg content sans albumen. E. = embryo. F. = allantoamnionic fluid. S. susceptible 


well as Sherman ** and Polk, Buddingh, and 
Goodpasture**, failed to demonstrate com- 
plement in embryo serum prior to the twen- 
ty-first day, while natural antibodies were 
not demonstrable in any case until after the 
seventeenth day and then in low concentra- 
tions. In concurrent work by us it was 
found that complement was unnecessary 
and exerted no appreciable effect on specific 
neutralization of Newcastle virus by serum. 

The maintenance of a high, or peak, serum 
antibody titer during the first two weeks of 
postnatal life was followed by a subsequent, 
rather rapid decline in serum antibodies 
and also of immunity. The exhaustion 07 
the passive antibody reservoir, paralleling 
the absorption of the yolk, apparently 
brings a decrease in antibody titer and pro- 
tection comparable to that seen with fowl 
plague after deutectomy®. On the other 
hand, delayed absorption of yolk beyond the 
normal period probably may result in in- 
dividual variations among chicks of the 
same age with regard to degree, as well as 
duration, of the yolk-conferred passive im- 
munity. Of interest in this connection was 
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the observation by Hallauer® that the con- 
tents of the unabsorbed yolks of 2- to 4- 
week-old chicks from fowl-plague immune 
dams may show a high antibody titer. 

This congenital passive immunity ob- 
viously may afford a high degree of specific 
refractivity to Newcastle disease’ and 
other infections, and thus tend to alter the 
pattern of epizoédtic or enzodtic disease. It 
seems evident that such a congenital im- 
munity was responsible for refractivity of 
the 3- and 4-week-old offspring of the sur- 
vivors of Newcastle virus inoculated chick- 
ens, aS observed by Iyer and Dobson*. 
These authors, however, ascribed the re- 
fractivity of the chicks to a genetic or in- 
herited immunity derived from the dam. 

In addition to interference with the 
“normal” active immunity response of the 
young chicks to vaccination, it is apparent 
that the passive antibodies in the egg yolk 
and in the blood of chicks may constitute 
certain pitfalls from the standpoint of sero- 
logic diagnosis. Significant, specific anti- 
body activity by the egg yolk (10? or great- 
er in tests via the allantoic chamber) would 
suggest relatively recent experience of the 
hen with killed virus vaccines, or with ac- 
tive infection. Utilization of eggs from a 
given flock at times may serve just as satis- 
factorily, or more so, than the blood serum 
for assessment of the Newcastle disease 
history or susceptibility of a given flock. 
From the diagnostic standpoint, there is 
also to be considered the finding in related 
studies that specific neutralization values 
of the serums of chicks from hens recover- 
ed from Newcastle disease are considerably 
higher during the first four weeks of life 
than the active antibody titers which may 
result from vaccination of chicks at the 
age of 1 week. 

While it appears that embryonating eggs 
from Newcastle immune dams may be satis- 
factory for production of the specific vac- 
cine provided the yolk, yolk sac, and albu- 
men are excluded, further critical studies 
will be necessary. The fact that 9- to 12- 
day-old embryos may die within the usual 
time following inoculation also does not 
preclude the possibility that the continued 


use of eggs from immune hens for virus 
propagation may lead to undesirable modi- 
fication of the virus. 


SUMMARY 


1) Specific antiviral or antibody activity 
comparable to, but somewhat lower in titer 
than, that present in the serums of New- 
castle disease vaccinated or recovered hens 
was demonstrated in the yolks of eggs laid 
by these hens. The yolk antibody titer was 
found to be well maintained in eggs stored 
at 6 to 8 C. for six months, the longest 
period of test. 


2) Embryonic tissues and allantoamni- 
onic membranes were found to acquire the 
property of virus neutralization or inacti- 
vation from the egg yolk of immune source 
eggs early in, and throughout, the incuba- 
tion period. 

3) Perceptible antibody activity by the 
serum was first demonstrated at the fif- 
teenth day of incubation with somewhat of 
an increase at the eighteenth day. At twenty 
days, there was a further rise which, al- 
though comparable to, was somewhat lower 
than that present two days later, i.e., in the 
day-old chick. Refractivity to inoculation 
infection with Newcastle virus appeared to 
develop concomitantly with the serum anti- 
viral activity. 


4) The serum antibody titer and the 
immunity of chicks hatched from eggs laid 
by Newcastle immune hens remained at a 
peak level during the two weeks post-hatch- 
ing. There was a rapid subsequent decline 
in titer and resistance, a small proportion 
of chicks remaining refractory to infection 
after five or six weeks. 


5) Congenital passive immunity during 
the first month of life was found to inter- 
fere materially with active immunity re- 
sponse of the chicks to specific infection 
or to vaccination. 


6) Formalin -inactivated vaccines pre- 
pared from the entire egg content, exclusive 
of albumen, of eggs from Newcastle im- 
mune hens appeared to be immunogenically 
inferior to vaccines made from the embry- 
onic tissues and allantoamnionic fluids of 
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immune source eggs or from both types of 
material from susceptible source eggs. 

7) The implications, from the diagnostic 
standpoint, of passive antibody demonstra- 
tion in eggs and of passively conferred im- 
munity and of serum antibodies in young 
chicks are discussed. 
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The Tonsils of the Horse 


HANS ELIAS, Ph.D. 
Atlanta, Georgia 


AMONG the domestic animals, the horse 
possesses the best developed tonsils, both 
palatine and lingual. In fact, it is the only 
one of our domestic animals which pos- 
sesses tonsils comparable to those of man. 
Although, macroscopically, the tonsils of 
the horse strongly resemble the human ton- 
sils, there are several features character- 
istic of the equine tonsils which have not 
been observed in man or in other mammals. 


MATERIAL 


The material for the observations was ob- 
tained from 3 healthy animals which were killed 
for the purpose of studying their anatomy and 
histology. The animals were bled and em- 
balmed by injection into a carotid artery of the 
customary mixture of formalin, glycerin, and 
carbolie acid. This method has been found to 
preserve all organs almost instantaneously 
without permitting postmortem changes to oc- 
cur. The organs, after removal from the body, 
were stored in 3 per cent formaldehyde solu- 
tion and later embedded in paraffin, cut and 
stained with hematoxylin and eosin. 


OBSERVATIONS 


The Palatine Tonsils—The palatine ton- 
sil of the horse has been classified by Klein- 
schmidt? as tonsilla folliculata aggregata 
disjuncta impressa. This means that aggre- 
gated lymph nodules are arranged around 
epithelial impressions, commonly known as 
crypts, and that there is no continuity 
among the lymphoid aggregations of neigh- 
boring crypts. 

Figure 1 shows the left palatine tonsil of 
‘ horse with surrounding structures. The 
lower quarter of the picture is occupied by 
the left margin of the root of the tongue, 
provided with lingual tonsils. Slightly 
.bove the center, the palatine tonsil is seen. 
‘he upper part of the figure is occupied by 
‘he dorso-lateral palatine mucosa. It is seen 
‘hat the palatine tonsil consists of deep 
rypts. The small pits seen between the 


The author is information specialist with the 
. S&S. Public Health Service in Atlanta, Ga. 


crypts are the mouths of ducts of mucous 
glands. These glands open onto the free 
surface of the tonsil and not into the crypts. 
This observation is in agreement with 
Waldapfel’s® observations on the human 
palatine tonsil. 

The lymphoid tissue of the palatine ton- 
sil of the horse consists of aggregated 
lymph nodules with germinal centers. They 
are embedded in a sharply delimited mass 
of loose lymphoid tissue. This is highly 
vascular and, at several places, it contains 
numerous free erythrocytes. 

It is conceivable that the pressure created 
by the injection of the embalming fluid 
could have ruptured some capillaries and 
therewith swept erythrocytes into the 
lymphoid tissue. However, it can be proved 
that erythrocytes must normally be present 
in this tissue. For we find, within the hemo- 
lymphatic tissue, large histiocytes which 
have engulfed erythrocytes. Figure 3 shows 
such a macrophage which contains two 
erythrocytes and three lymphocytes. At the 
upper end, it appears as if the cell executed 
searching movements or as if it were en- 
gaged in the process of pinocytosis (drink- 
ing by cells, a phenomenon discovered by 
Warren H. Lewis*® in 1930 and given this 
name in 1931). This detail, preserved in 
the section, shows the rapidity with which 
the embalming method fixes fine cellular 
structures. The palatine tonsil of the horse 
is, therefore, a hemolymphatic organ. 


The Corpus Papillare.—The distal part 
of the tunica propria does not consist of 
typical papillae which penetrated, finger- 
like, into the epithelium as is the case in 
commonly known stratified squamous epi- 
thelium; instead, the tunica propria formed 
lamellae which were connected with one an- 
other similar to the ridges of the reticulum 
of the ruminants. These connective tissue 
lamellae include between them prismatic 
epithelial pegs. This is shown in figure 5, 
which represents a tangential section of the 
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corpus papillare near the entrance to a 
crypt. 

Villi and Their Vascularization.—Char- 
acteristic villi (fig. 6) project above the 
surface of the epithelium of the palatine 
tonsil of the horse. Their vascularization 
was studied by means of serial sections. It 
was found that these villi contain one or 


two capillary loops. The vascularization of 
most of the villi (perhaps all of them) was 
accomplished by two afferent and two ef- 
ferent capillaries. In some cases, both vasa 
afferentia and both vasa efferentia joined 
in the upper third of the epithelium, as 
shown in figure 6. In this case, the villus 
contained a single capillary loop. The af- 
ferent and efferent vessels had the char- 
acter of capillaries, no tunica media oc- 
curring along their course within the 
epithelium. If both vasa afferentia and 
both vasa efferentia did not join, the villus 
contained two capillary loops. 

These villi must have originated from 
extremely slender connective tissue papil- 


lae, growing out of the lamellae described 
above. The papillae must have been pene- 
trating to the highest level of the epithe- 
lium and even beyond it, pushing the two 
uppermost layers of epithelial cells before 
them. The cells of these highest layers con- 
tained darkly staining nuclei, some of 
which were vacuolated. The presence of 


Fig. !—Left palatine tonsil of 

horse with surrounding territory. 

The ground of the tongue with 

the lingual tonsil is seen below; the 

palatine mucosa is seen above. 
x 3. 


nuclei at this location showed that the 
epithelium was not fully keratinized. The 
cytoplasm of the cells of this layer was 
strongly acidophilic and had a hyaline ap- 
pearance. Only a few cells could be found, 
at the boundary between this modified layer 
and the stratum Malpighii, which contained 
extremely small basophilic granules. These 
few cells are elements of a _ transitory 
stratum granulosum. From these data, it 
was concluded that the top layer of the ton- 
sillar epithelium is a stratum lucidum. 
Thus, it develops that the tonsillar villi con- 
sist of one or two capillary loops covered 
by stratum lucidum. 

Tangential sections through the distal 
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quarter of the epithelium (fig. 7) revealed 
the close association cf the capillaries with 
the epithelium. Their endothelium was in 
close contact with epithelial cells. The 
epithelial cells adjacent to the capillaries 
formed a cylindrical sheath around the 
capillary bundle, shai,ly delimited from 


Fig. 2—Anterior third of lingual 
tonsil of horse. x 3. 


the surrounding part of the epithelium. 
This is seen in figure 7. This figure shows 
four capillaries in cross section. They be- 
long to a villus with two capillary loops. 

It is quite uncommon for stratified epi- 
thelium to be vascularized in such a manner 
that the endothelium comes in close contact 
with the epithelial cells without an appre- 
ciable amount of connective tissue inter- 
vening. Another case of vascularization of 
stratified squamous epithelium was reported 
by Slonimski‘ in the labial mucosa of human 
fetuses. 

Villi are found on the free surface as 
well as in the crypts. Where the epithelium 


of the crypts is almost completely destroyed, 
the villi are nevertheless covered by one 
layer of small epithelial cells. 

The villus represented in figure 6 is of 
average height. It was chosen for repro- 
duction because the section shows the vas- 
cularization fairly well. Taller, as well as 


shorter villi were found. 

The villi were rather numerous. We 
found approximately 140 villi per square 
millimeter of surface epithelium, with a 
greater concentration within the crypts, 
although the involved shape of the crypts 
does not permit an accurate. count. 


THE LINGUAL TONSILS 

Figure 2 shows a view of the anterior 
third of the lingual tonsil. The upper mar- 
gin of the figure corresponds to a trans- 
verse line, running about 1 cm. behind the 
vallate papillae. The photograph shows the 
area enlarged about three times. 

The mucosa immediately behind the val- 
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mesenchyme jJendothelial cell similar to 
hose of spleen 
cell intermediate . 

Fig. 3—A macrophage in the hemolymphatic 
tissue of the palatine tonsil of the horse. 


x 1350 (after reduction). e 


late papillae possesses very small, filiform 

papillae, still visible at this enlargement as r 
tiny jags, near the upper margin of the pic- 
ture. This kind of mucosa was replaced 
posteriorly by an entirely different type of 
mucous membrane. In our case, the change 
began near the upper margin of the picture, 
i.e., C.A. 11 to 12 mm. behind the papillae 
circumvallatae. In other horses, the terri- 
tory of tiny filiform papillae can extend up 
to 3 cm. behind the papillae circumvallatae. 

The lingual epithelium assumed poste- 
riorly the following character: domelike 
elevations, showing little pits at their 
apexes, occupy the mucous membrane. Each 
of those tiny elevations had a core of fibrous 
connective tissue, pierced by the duct of a 
small salivary gland which opened on the 
apex of the dome. The glands were located 
within the lowest layer of the tunica 
propria and between the muscle bundles of 
the tongue. They were predominantly mu- 
cous; but many of the end-pieces possessed 
serous crescents. 

The domelike projections changed grad- 
ually into larger, oblong and irregularly 
branching, convex elevations, as seen in the 
lower two-thirds of figure 2. At their free 
surface, we again found pits, which were Fig. 4—Mass of necrotic cells in a crypt of a palatine 
mouths of ducts of salivary glands. tonsil of a horse. x 1350 (after reduction). 
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Waldapfel® states: “In the lingual tonsils 
of man] the contiguous mucous glands 
pen into crypts.” In the horse, this is not 
the case. All the ducts open on the free 
surface, usually on the summits of the ele- 
vations. The deep furrows, between the 
elevations shown in figure 2 are the ton- 
sillar erypts. They are surrounded by nu- 
merous lymph follicles, embedded in loose 
lymphoid tissue. 


Fig. 5—Tangential section through corpus 

papillare of the superficial epithelium 

near the entrance to a crypt of the 

palatine tonsil of a horse. x 195 (after 
reduction}. 


Anteriorly, in the region of the domelike 
projections, no lymphoid tissue was pres- 
ent around the furrows. In the region 
where the elevations begin to become oblong 
near the center of fig. 2), small, isolated 
lymphoid masses appeared in contact with 
the erypt epithelium. The aggregated lymph 
nodules and the adenoid tissue in which 
they were embedded increased from ante- 
rior to posterior. The crypts seen in the 
lower third of our figure had a complete 
lymphoid lining, with the lymphoid areas 
‘round the single crypts sharply delimited. 
onnections between the lymphoid areas of 
\ieighboring crypts did not occur. 

In analogy to-Kleinschmidt’s classifica- 
ion, we could describe the lingual tonsil of 
he horse as tonsilla folliculata aggregata 
lisjuneta sulcata (the word “sulcata” mean- 
ing “provided with furrows”). 


CHARACTERS COMMON TO PALATINE AND 
LINGUAL TONSILS 


Necrosis of Epithelial Cells.—It is com- 
monly known and was observed by Stéhr* 
that at some places the epithelium at the 
bottom of the tonsillar crypts undergoes 
necrosi., and that the necrotic cells are ab- 
sorbed by the organism. In the case of the 
horse, many of the epithelial cells from the 
bottoms of the crypts are exfoliated into 
the lumen of the crypts as they degenerate. 
They undergo a liquefactive necrosis, their 
cytoplasm flowing together, as it were, into 


Fig. 6—Vertical section of the superficial epithelium of 

the palatine tonsil of a horse, showing a villus and its 

vascularization, as well as vascularization of the epi- 
thelium. x 280 (after reduction). 


a syncytium. This mass, shown in figure 4, 
still contained typical epithelial nuclei. 
Some lymphocytes and erythrocytes also 
were found in this mass of liquefied cells; 
however, at other places, necrotic cell 
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groups were present in the lymphoid tissue. 
Thus the necrotic cells are disposed of by 
exfoliation and absorption. 


CONCENTRIC CORPUSCLES 


Gmelin’s Corpuscles—Gmelin' described 
rounded corpuscles in the tissue around the 
crypts of the lingual tonsils of the horse. 


Fig. 7—Tangential section through the superficial 

epithelium of the palatine tonsil of the horse, showing 

4 capillaries which belong to a villus situated above 

this section. Note the close association of the endo- 

thelial cells with the cells of the epithelial sheath. 
x 1070 (after reduction). 


These, he stated, consisted of a large cen- 
tral cell surrounded by smaller, crescent- 
shaped cells. Finally, these were surround- 
ed by a layer of small cells with deeply 
stained nuclei. He interpreted them as 
sensory organs, assuming that they might 
be precursors of taste buds. 


In the present observations, too, such cell 
groups were found, but it seemed that they 
were transversely cut strands of stratified 
epithelium. Figure 8 shows the end of an 
epithelial strand reaching deep down into 
the lymphoid tissue. The upper part of the 
figure shows part of the bridge connecting 
with the crypt epithelium. Parts of this 
structure, if cut transversely, would give 
pictures identical with those described by 
Gmelin. 


Hassal’s Corpuscles.—There were found, 
and especially frequently in the lingual 
tonsils, corpuscles of another kind (fig. 9). 
These resembled in every respect the so- 
called corpuscles of Hassal in the thymus. 


Many crescent-shaped cells were arranged 
concentrically around a hyaline, eosinophil 
mass which seemed to consist of degen- 
erated cells (fig. 9). The nuclei seen in the 
corpuscle resembled those of reticular or 
epithelial cells. Indeed, the degenerating 
epithelial cells of the crypts could frequent- 
ly not be distinguished from reticular cells, 


Fig. 8—A strand of cells belonging to 

the epithe'ium of a crypt of the lingual 

tonsil of the horse, reaching deep down 

into the lymphoid tissue. The lymphoid 

tissue itself is not drawn in this figure. 
x 565 (after reduction). 


The entire corpuscle was surrounded by 
such cells. These were broadly contiguous 


Fig. 9—Concentric corpuscle in the 
lingual tonsil of a horse, resembling 
Hassal's corpuscles in the thymus. L = 
lymphocyte; 'L' lymphocyte within a 
vacuole of a cell incorporated into the 
corpuscle; R = reticular or epithelial cell 
about to be incorporated into the cor- 
puscle. x 565 (after reduction). 
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with the corpuscle to which they seemed to 
adhere, while some of their free processes 
still extended into the lymphoid tissue (fig. 
9, R). This corresponds exactly to the con- 
dition found in the thymic corpuscles. It is 
commonly assumed that the thymic cor- 
puscles are masses of degenerating reticu- 
lar or epithelial cells, the former deriving 
from the latter. The present picture sug- 
gests an identical genesis for the concentric 
corpuscles of the tonsils of the horse. It 
may be that the formation of Hassal’s cor- 
puscles in the tonsils of the horse is another 
method of disposing of epithelial cells. 


The cells found at the periphery of the 
corpuscle embraced, with their free proc- 
esses, a few lymphocytes (fig. 9, L). Since 
they were then incorporated into the cor- 
puscle without releasing the embraced 
lymphocytes, lymphocytes were found in 
vacuoles of cells in the interior of the cor- 
puscle (fig. 9, L’). 

If one considers that both the thymus 
gland and the aboral part of the tongue 
arise from a common source, the pharyn- 
geal epithelium of the embryo, it is not 
astonishing that they should share the cor- 
puscles of Hassal. 

The function of the tonsils is still a de- 
bated question. Consequently, it would be 
utterly futile to attempt a physiologic in- 
terpretation of the various features de- 
scribed above. 


SUMMARY 


1) Palatine and lingual tonsils of the 
horse are described. 


2) The palatine tonsil of the horse is a 
hemolymphatic organ. 

3) The tunica propria of the palatine 
tonsil forms lamellae, rather than papillae, 
penetrating into the epithelium. These 
lamellae are continued into the core of su- 
perficial villi. 

4) Vascularized villi project above the 
surface of the epithelium of the palatine 
tonsil of the horse. The endothelium of the 
appurtenant capillaries comes in intimate 
contact with the epithelial cells. 


5) Liquefied masses of necrotic epithe- 
lial cells are exfoliated into the lumina of 
the crypts of both palatine and lingual 
tonsils. 

6) Concentric corpuscles, like those of 
Hassal in the thymus, occur in the lymphoid 
tissue of both palatine and lingual tonsils 
of the horse. 
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Treatment of Filarial Dermatosis of Sheep 
with Antimony Compounds 


H. E. KEMPER, D.V.M., and |. H. ROBERTS, B.S., D.V.M. 


Albuquerque, New Mexico 


FILARIAL dermatosis of sheep was first ob- 
served by Kemper in 1933 on the mountain 
ranges of Catron County, New Mexico. The 
disease was described in 1938' as a cir- 
cumscribed dermatitis involving the skin 
in the region of the poll and, in a few 
cases, extending forward over the face to 
the nostrils and lips. Occasionally, the hind 
foot used to scratch the head had similar 
lesions. In a limited number of cases, 
lesions were observed on the abdomen in 
the location where the affected foot came 
in repeated contact with the skin. Nema- 
todes found by Kemper in the carotid, 
mesenteric, and iliac arteries of affected 
sheep at autopsy were studied in 1935 by 
Wehr and Dikmans? and described as a 
new species of the genus Elaeophora, 
namely, Elaeophora schneideri. In 1937, 
Kemper discovered microfilariae of this 
nematode in head lesions of sheep showing 
characteristic symptoms of the disease, and 
named the skin condition filarial derma- 
tosis of sheep. 

After 1933, the disease was recognized 
in Catron and Socorro Counties, New 
Mexico, Apache, Navajo and Coconino 
Counties, Arizona, and in Montezuma 
County, Colorado. E. schneideri was found 
also in a deer in Beaver County, Utah, by 
Dr. W. T. Huffman in 1934°, While filarial 
dermatosis is apparently limited to sheep 
summered on mountain ranges at an alti- 
tude of over 6,000 feet, it is now suffi- 
ciently widespread to be of some concern 
to sheepmen in the Southwest. In Catron 
County, New Mexico, in 1940, one rancher 
reported 300 cases in his 8 bands contain- 
ing a total of 12,000 ewes. An accurate 
picture of the incidence of the disease can- 
not be given at this time because ranchers, 
believing the dermatitis to be contagious, 


The authors are from the Zodlogical Division, 
Bureau of Animal Industry, Agricultural Research 
Administration, United States Department of Agri- 
culture. 


commonly destroy all sheep visibly affected. 
Many sheep growers, however, alarmed by 
the annual reappearance of the bloody 
dermatitis, have appealed to the writers of 
this paper for assistance in dealing with 
the disease. This paper presents a summary 
of the therapeutic measures directed 
towards the cure of the skin lesions and 
the destruction of the parasites that cause 
them. 


MATERIALS AND METHODS 


The 15 Rambouillet sheep used in these tests, 
which were made in Albuquerque, New Mexico, 
in 1938, 1941 to 1942, and 1944 to 1945, were 
either pregnant or unbred ewes, from 2 to 6 
years old, and obtained from a ranch in Catron 
County, New Mexico. All were diseased, show- 
ing pronounced, bloody head lesions and, in a 
few cases, also foot lesions. 


Six series of tests were made, employing, in 
sterile solution, drugs commonly used in the 
treatment of canine filariasis and human 
schistosomiasis. All the preparations used 
were antimony compounds, except one, eme- 
tine hydrochloride, which was used, however, 
with an antimony salt. No established dose 
rates for sheep were available. It was neces- 
sary, therefore, to select dosages more or less 
arbitrarily. 


The drugs tested were: (1) Trichicide, a 
commercial preparation consisting of sodium 
antimonyl tartrate in solution with trypan 
blue and 1 per cent phenol; (2) tartar emetic 
(antimony and potassium tartrate), 5 gr. and 
emetine hydrochloride, 1 gr. per 30 cc. of 
water; (3) 5 gr. of tartar emetic to 30 cc. of 
water; (4) tartar emetic in glucose prepared 
as follows: tartar emetic 0.3 Gm., 50 per cent 
glucose solution, 4 cc., and distilled water suf- 
ficient to make 30 cc.; (5) anthiomaline, a 
new drug of French origin, composed of lithi- 
um antimony thiomalate in 6 per cent solu- 
tion, each cubic centimeter containing 10 m¢. 
of antimony; (6) fuadin, a 6.7 per cent solu- 
tion of sodium-antimony 111 bis-pyrocatech 
disulphonate of sodium, containing 13.5 per 
cent of trivalent antjmony in the dry state. 


Treatment was administered parenterall:, 
most of the injections being given intramusc.- 
larly, and only in a few instances, intrav - 
nously. The effectiveness of the drugs ws 
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determined chiefly by the response of skin 
lesions to treatment. Active lesions are re- 
garded as those in which living microfilariae 
have invaded dermal tissues. Tiie presence of 
live, motile microfilariae apparently produces 
a localized, acute irritation with resultant 
scratching, rubbing, and pawing of the affect- 
ed area. Active lesions, particularly after re- 
peated scratching, are commonly devoid of 
epidermis and are covered with fresh and 
clotted blood. Quiescent lesions are those 
which appear to cause sheep no discomfort. 
Such lesions are not scratched, are free from 
hemorrhage, and granulation tissue is evident, 
usually at the periphery of the wound. It is 
assumed that quiescent lesions are tempora- 
rily or permanently devoid of viable micro- 
filariae. In healed lesions, there is a complete 
absence of living microfilariae within the 
dermal tissues. Granulation is followed by 
exfoliation of encrusted epidermis, with wool 
growth over the healed area. 

Apparent healing was occasionally noted in 
former active, or in quiescent, lesions during or 
immediately following a series of treatments. 
However, if treatment was unsuccessful, even- 
tual reappearance of microfilariae in the skin 
resulted in renewed irritation. Scratching and 
rubbing by the sheep soon produced a bloody 
lesion. In such cases, the animal was again 
regarded as a subject for treatment. 

When autopsies were performed, a search 
was made in the arteries for adult filarids, 
and tissue specimens from head lesions were 
examined for microfilariae. The sites of intra- 
muscular injections were dissected for evi- 
dence of abscesses and fibrous tissue forma- 
tion. 


RESULTS (See Table I) 


Trichicide.—Sheep 1 and 2 were unbred 
ewes. The toxic manifestations observed 
following administration of 35-cc. and 
40-cc. doses of Trichicide were systemic re- 
actions, characterized by trembling, lack 
of coérdination, and frothing at the 
mouth. Evidences of toxicity subsided with- 
in six hours. Skin lesions were quiescent 
after the administration of the fourth dose, 
and complete healing was noted about two 
weeks following the sixth dose. Sheep 3, 
not included in the table, was an unbred 
ewe held as a control to determine the 
possibility of spontaneous recovery of 
range sheep under confinement. In this ani- 
mal, the large, bloody skin lesion was 
violently active at certain times and showed 
signs of temporary recession with scab 


formation at other times. There was no 
evidence of healing, however, within the 
period of six months during which the ani- 
mal was held for observation. Sheep 1, 2, 
and 3 were all slaughtered four months 
following completion of treatment of 1 and 
2. No adult filarids were found in the 
arterial circulation of the two treated sheep, 
whereas 11 adult worms were recovered 
from the carotid and mesenteric arteries 
of the control animal. 

Tartar Emetic and Emetine Hydro- 
chloride.—Sheep 14, a ewe in early preg- 
nancy, was given 4 30-cc. doses intraven- 
ously. The third and fourth doses produced 
severe perivenous abscess formation, with 
swellings visible in the jugular  fur- 
rows. The abscesses were lanced and 
drained, and the fifth and sixth injections 
were given intramuscularly. Four months 
following the last injection, autopsy dis- 
closed no worms, but did reveal abscess for- 
mation at the site of intramuscular and 
intravenous injections. 

Sheep 15, a ewe in early pregnancy, was 
given 6 doses intravenously and 2 intra- 
muscularly. Abscess formation was evident, 
but not as severe as in the case of sheep 14. 
The skin lesion was already showing signs 
of rapid healing when the eighth treatment 
was given, but the animal died two days 
later. Immediate autopsy showed extensive 
lobar pneumonia, with hepatization involv- 
ing approximately half the tissue of each 
lung. The nature of the pneumonic lesions 
suggested that the condition was independ- 
ent of the concurrent treatment with filari- 
cides. No worm fragments were found in 
the lungs, nor were adult worms found 
elsewhere in the arterial circulation. Both 
perivenous and intramuscular abscesses 
were seen at the sites of injection. 

Tartar Emetic.—Sheep 45, 54, and 56 
were all ewes in late pregnancy. Complete 
healing of skin lesions in all 3 animals oc- 
curred approximately six weeks following 
the sixth injection. Severe lameness in the 
right hind leg of sheep 54 was observed 
after the third injection. The lameness per- 
sisted for several months, and is believed 
to have been a result of nerve injury at the 
site of injection. Sheep 56 aborted a fully 
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developed fetus five days after the last 
injection. 

Tartar Emetic and Glucose.—Sheep 72 
and 78, unbred ewes, were given 8 injec- 
tions at weekly intervals. Sheep 4, also an 
unbred ewe, was given a similar number of 
injections at semi-weekly intervals. Com- 
plete healing of skin lesions in each animal 
was noted thirty days following the com- 
pletion of each series of treatments. 

Anthiomaline.—Sheep 50, an unbred ewe, 
was given 5 intramuscular injections, each 
containing 6 cc. at weekly intervals, fol- 
lowed by 5 9-ce. injections at weekly inter- 
vals, a total dose of 75 cc. Complete heal- 
ing of the skin lesions was noted five weeks 
after the last injection was administered. 

Sheep 71 and 7la was an unbred ewe 
subjected to two individual tests, as indi- 
cated in the table. The second test (71a) 
was begun eighty days following termina- 
tion of the first test. 

Sheep 5 and 5a, an unbred ewe, also was 
made the subject of 2 tests. The second test 
(5a) was begun seventy-seven days after 
completion of the first. 

Fuadin.—Sheep 71b and 7lc had been 
treated forty days earlier with anthioma- 
line, but showed no signs of improvement. 
A single 30-cc. dose of fuadin, injected in- 
tramuscularly at two sites, was also ineffec- 
tive in destroying the parasites in this host. 
Six weeks after treatment, no indication of 
healing was evident. A second injection of 
fuadin was then administered, this one con- 
sisting of a single 40-cc. quantity injected 
intramuscularly at two sites. Thirty days 
later, healing was regarded as complete. 


DISCUSSION 


Two animals, 5 and 71, were used as 
subjects for repeated tests with anthioma- 
line and fuadin. In the course of tests num- 
bered 71, 7la, 71b, and 5, it was observed 
that the activity of the lesions was some- 
what inhibited. However, in these trials, 
actual quiescence did not take place. To a 
minor degree, the presence of microfilariae 
in the skin was apparent at all times, as 
evidenced by isolated, moist, denuded areas 
which persistently failed to heal. After a 


lapse of three or four weeks, violent activ- 
ity resumed, and local irritation induced 
scratching and rubbing with the hind feet, 
resulting in large, bloody wounds. Animals 
bearing these reactivated lesions were re- 
garded, after a sufficient passage of time, 
as unaffected by previous treatment. 

Because of the difficulty in obtaining size- 
able quantities of anthiomaline, tests with 
this drug were necessarily limited. It ap- 
pears, nevertheless, that a single injection 
of 35 cc. of this product suffices to destroy 
existing infestations of E. schneideri. If 
further tests corroborate these findings, 
sheepmen should subscribe to its use with- 
out reservation. Tests with fuadin, which 
also promises effective treatment on single 
injection, are still in progress. Only the 
first of a series of treatments involving a 
single dose appears in this paper. Earlier 
successful trials with repeated administra- 
tion of small quantities have been reported 
by Kemper.’ 

Three cases are reported herein (sheep 
45, 54, 56) in which only 6 injections of 
tartar emetic resulted in complete healing. 
In another series of tests, in which tartar 
emetic was administered in glucose solu- 
tion (sheep 72, 73, 4) no fewer than 8 in- 
jections were administered. This does not 
imply that glucose retarded the effective- 
ness of tartar emetic. The 2 additional in- 
jections were given in an effort to hasten 
complete healing of skin lesions. In general, 
the longer course of treatments is pre- 
ferred. 

Tartar emetic in combination with eme- 
tine hydrochloride appears to offer no ad- 
vantage over tartar emetic alone. Used with 
emetine hydrochloride or alone, tartar 
emetic is objectionable from the standpoint 
of abscess formation at the site of injec- 
tion. The avoidance of toxic phenomena 
through the addition of 5 per cent of 
glucose to antimony solutions was suggested 
by Manson-Bahr*. Tartar emetic and glu- 
cose is recommended as a readily available 
and very inexpensive preparation, although 
it is anticipated that ranchers will express 
impatience with the need to hospitalize 
animals over a period of two months. 

Sheep 56, in which the administration of 
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tartar emetic resulted in the abortion of 
a fully formed fetus, was not only treated 
during late pregnancy, but was in extreme- 
ly poor flesh at the time. While it is antici- 
pated that sheep in good health would be 
unlikely to abort at any time during the 
gestation period, it is regarded as strictly 
advisable that all sheep be treated in the 
fall when unbred, or during the winter, in 
early pregnancy. 

Sheep 3, described as a control animal, 
was only 1 of several untreated sheep main- 
tained in connection with these tests. Along 
with each group of animals subjected to 
test, 1 or more controls were observed at 
all times. Several control animals were held 
for six to twelve months, and 1 for four- 
teen months; none showed spontaneous re- 
covery. Both test and untreated sheep were 
taken from the same ranch. 

In performing autopsies following treat- 
ment every effort was made to locate nema- 
todes or fragments of adult worms in the 
arterial circulation, as well as microfilariae 
in skin lesions. The common locations of 
E. schneideri in infected animals are in the 
carotid, mesenteric and iliac arteries. 
Branches of these arteries were minutely 
traced, with wire probe, to their terminal 
endings. In examining for microfilariae, 
tissues were fragmented, leached in normal 
saline solution, strained and centrifuged. 
At no time following recovery from para- 
sitism after treatment with antimony 
compounds were either adult worms or 


microfilariae detected. It is presumed that 
complete disintegration of adults and larvae 
occurs rapidly after death of the worms. 


SUMMARY 


Tartar emetic in combination with eme- 
tine hydrochloride, tartar emetic alone, 
tartar emetic with glucose, Trichicide, 
anthiomaline, and fuadin, were tested on a 
limited basis for their effectiveness in cur- 
ing filarial dermatosis of sheep. Tartar 
emetic with emetine hydrochloride, and tar- 
tar emetic alone, produced complete healing 
of characteristic lesions of this parasitism, 
but abscess formations at site of injections 
were not uncommon. Tartar emetic with 
glucose, and Trichicide, a product contain- 
ing sodium antimony tartarate, trypan blue 
and phenol, brought about recovery without 
untoward sequels. To effect healing, all the 
above preparations required from 6 to 8 
intravenous or intramuscular injections. 
Anthiomaline and fuadin were subjected to 
preliminary tests; both antimony com- 
pounds show distinct promise of bringing 
about uncomplicated recovery with single 
injections of large doses. 
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Control of Enterotoxemia (Pulpy Kidney Disease) in Lambs 
by the Use of Alum Precipitated Toxoid 


O. H. MUTH, D.V.M., M.S., and DON REX MORRILL, D.V.M., M.S. 
Corvallis, Oregon 


RESULTS of the control of enterotoxemia in 
lambs by the use of antiserum have been 
reported in a previous publication’ in which 
some of the advantages and disadvantages 
of that method of contro] were discussed. 

While treatment with antiserum is ap- 
parently the most satisfactory method of 
controlling unsuspected outbreaks of entero- 
toxemia in lambs 3 or 4 weeks of age, that 
method is necessarily expensive and the 
immunity is of relatively short duration. 

Since there is but little lot feeding of 
lambs in Oregon, this disease does not 
frequently occur under feedlot conditions. 
In one county, however, there is a situation 
similar to that reported by Bennetts? in 
western Australia where lambs under 2 or 
3 months old are rarely affected. This ap- 
peared to offer an excellent opportunity to 
establish an active immunity, such as might 
be obtained before losses begin by the use 
of a toxoid. 


LITERATURE 


In his original paper, Bennetts* reported en- 
couraging results in the control of enterotox- 
emia by the use of formalized cultures. Using 
a similar product Oxer* succeeded in protect- 
ing 2 experimental lambs against a lethal dose 
of toxin. Gill,’ using formalized cultures pre- 
pared according to the method of Bennetts,’ 
was unsuccessful in protecting lambs consist- 
ently by giving them a single injection when 
they were between the ages of 3 and 10 days. 
With serum toxin titrations he demonstrated 
that in some lambs of that age toxoid failed to 
produce antitoxin. Bennetts’ reported that for- 
malized cultures “provide a safe, efficient, and 
economical method of preventing the disease 
which in western Australia only rarely affects 
lambs under 2 or 3 months of age,” and suc- 
eeded in reducing the death rate about 80 
er cent with that product. When 2 doses of 

and 5 cc. were used, immunity apparently 
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commenced to diminish between three and six 
months after the injections. Oxer® demon- 
strated transmission of antitoxin immunity 
from immunized ewe to lamb via the colostrum. 
The ewes received 2 doses of 3 and 7 cc. each 
of formalized culture before lambing. He was 
able to demonstrate an appreciable antitoxic 
titer in the serum of lambs more than 1 month 
old. Dayus‘’ also reported successful protec- 
tion of lambs by injecting formalized culture 
into ewes. He used 2 doses of 5 and 10 cc. 
each, and obtained a satisfactory degree of 
protection in lambs between the ages of 3 and 
6 weeks of age, the period when the maximum 
loss is experienced in New Zealand. Buddle’ 
reported on the comparative value of several 
products as judged by the antitoxic immunity 
occurring in lambs, the dams of which had 
been injected with the various products, in- 
cluding formalized whole cultures and alum 
precipitated toxoid, prior to lambing. In his 
experience, alum precipitated toxoid was su- 
perior to other products. In their experiments 
with alum precipitated toxoid in lambs, where- 
in they gave 5 cc. subcutaneously followed 
after an interval of four weeks by a second 
injection of 10 cc., Turner and Rodwell’ found 
that the antitoxic titer reached a maximum 
about fourteen days after the second injec- 
tion. 

Since it has been demonstrated that formal- 
ized whole cultures were capable of producing 
a considerable immunity in lambs _ several 
months old, and since alum precipitated tox- 
oid was apparently superior to formalized 
whole culture when injected into ewes before 
lambing, it became apparent that alum pre- 
cipitated toxoid might be the more satisfactory 
product to use in immunizing lambs several 
months old. 


MATERIALS AND METHODS 


Selection of Cultures.—Several cultures of 
Clostridium perfringens type D that had pre- 
viously been isolated from lambs dead of nat- 
urally occurring cases of enterotoxemia were 
tested for their total antigenic properties by 
the method employed by Turner and Rodwell.’ 
Two of these cultures, EW and FI, were se- 
lected for toxin production on the basis of the 
greater combining power of their culture fil- 
trates with immune serum after activation 
with trypsin. 

Toxoid Production—For toxin production, 
the cultures were grown in horsemeat-egg 
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medium as previously described by Muth.’ By 
that method, the culture filtrates produced 
were rich in epsilon toxin, which after being 
activated with trypsin, consistently killed mice 
within thirty minutes when injected in 0.01-cc. 
amounts, intravenously. 

After passing through a Seitz EK filter, 1 
per cent formalin was added to the cell-free 
filtrate and the mixture incubated at 37 C, for 
fifteen days. At the end of that period, the 
toxoid proved to be atoxic when injected in- 
travenously into mice in 0.5-cc. amounts. A 
sufficient amount of a 20 per cent solution of 
potassium alum was added to give the toxoid 
a final concentration of 2 per cent. It was 
then stored at refrigerator temperature until 
used. 

Experimental Immunization of Lambs.— 
Eighteen lambs about 5 months old were di- 
vided into 3 groups of 6 each. Group 1 re- 
ceived 5 cc. of the toxoid subcutaneously on 
August 30 and 5 cc. on September 9. 

Group 2 received 5 cc. of the toxoid sub- 
cutaneously on September 9. Group 3 received 
5 cc. of antiserum (the antitoxic potency of 
which was sufficient so that 0.01 cc. would pro- 
tect mice against 10 m.l.d.’s of toxin when in- 
jected intravenously) on September 25. 

All animals in each group were bled Sep- 
tember 27 for plasma antitoxin titration. Mix- 
tures of lamb plasma and toxin were incubated 
at 37 C. for one hour before intravenously in- 
jected into mice. Results are shown in table 1. 

The plasma antitoxic titer was found to be 
highest in those lambs receiving 2 doses of 
toxoid. In those receiving only 1 dose, how- 
ever, antitoxin was demonstrated in 5 out of 
6 animals, whereas in those receiving 5 cc. of 
antiserum, no antitoxin was demonstrable. 

Field Trials.—In 1944, seven ranches having 
a total of 2,273 lambs, and which in previous 
years had suffered lamb losses up to 25 per 
cent, were selected for field trials with toxoid. 
Of these, 1,113 lambs were injected subcu- 
taneously with a single 5-cc. dose about one 
month before losses were expected. On each 
ranch, approximately 50 per cent of the lambs 
were left untreated as checks. At the time of 
marketing, approximately three months after 
injection, losses among the 1,113 treated lambs 
numbered 3 (0.02%). 

Of the 1,160 untreated lambs, losses amount- 
ed to 18 (0.15%). This signifies rather light 
losses for the season. On one ranch, however, 
there was 1 (.61%) death in a group of 164 
treated compared with 11 (8.09%) deaths in a 
group of 136 untreated. After the loss of 11 
among the untreated group, the owner resort- 
ed to the use of antiserums in the remaining 
untreated lambs. There were no further losses. 

Field trials were conducted on only two 
ranches in 1945, although other owners in- 
sisted on injecting their entire lamb crop with 


O. H. MUTH AND DON REX MORRILL 


Am. J. VET. Re: 


toxoid. One of the codperators experienced no 
losses in either treated or untreated lambs. 
On the other ranch, having a total of 271 
lambs, 150 lambs were injected with 5 cc. of 
toxoid subcutaneously, and 121 were left as 
untreated checks. Injection of toxoid was de- 
layed until 5 deaths, typical of enterotoxemia, 


TABLE I—Tests of Lamb Plasma on Mice. Injections 
Made Intravenously 


LAMB No. TOXIN* PLASMA RESULTS 


Lived 
Lived 


Died 
Lived 
Died 
Lived 


Lived 
Lived 
Lived 
Lived 


Group 2 


Lived 


Lived 
Lived 


Lived 
Lived 


Died 
Died 


Died 
Lived 


*This toxin produced death regularly within one 
hour when injected intravenously in 0.01-cc. doses 
had occurred. Following the treatment of the 
150 lambs, there were 2 (1.83%) deaths in the 
treated group, one occurring two days, and the 
other eight days, after injection. Of the check 
group consisting of 121, 11 (9%) deaths oc- 
curred during the thirty-five days following. 
At that time, the owner requested that the 
remainder of the untreated lambs be injected 
with toxoid. This was done and there were no 
further losses to the time of marketing, forty 
days later. 

DISCUSSION 


Although the number of lambs used in 
an effort to determine antitoxin response 
to toxoid was small, results indicate that a 
large percentage developed a considerably 
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higher antitoxic plasma titer than occurred 
in the plasma of lambs receiving 5 cc. of 
antiserum. Since a 5-cc. dose of antiserum 
had previously proved efficient in prevent- 
ing losses’, it appeared that a much greater 
degree of protection might have been de- 
veloped in a high percentage of lambs of 
the age used in the experiments than is 
conferred by a 5-cc. dose of antiserum. 


One lamb receiving a single 5-cc. dose of 
toxoid failed to develop a demonstrable 
antitoxic titer from the method used. A 
more sensitive method might have demon- 
strated a considerable amount of antitoxin, 
since the method used was not sufficiently 
sensitive to demonstrate circulating anti- 
toxin with 5 ec. of antiserum. 


While field trials with privately owned 
animals were unsatisfactory, since it was 
usually impossible to have complete control, 
no other large number of lambs susceptible 
to natural outbreaks of enterotoxemia was 
available. Had it been possible to leave all 
check animals untreated until the time of 
marketing, results might have been more 
striking. 

Some of the losses that occurred may 
have been due to causes other than entero- 
toxemia. It was not possible to examine all 
of the dead lambs. Investigations concern- 
ing these ranches during the past nine 
years, however, revealed that there had 
been but little loss in thrifty lambs from 
other causes. 

Since it required fourteen days for lambs 
to develop their maximum antitoxic titer 
after being injected with toxoid, lambs 


dying before that time cannot be consid- 
ered in evaluating the use of toxoid. 


SUMMARY AND CONCLUSIONS 


An alum precipitated toxoid was pre- 
pared from Clostridium perfringens type D 
which, when injected into 5-month-old 
lambs, produced a higher antitoxic titer 
than in lambs given the usual 5-c. dose of 
antiserum. 


In field trials, injections of alum precipi- 
tated toxoid apparently reduced losses due 
to enterotoxemia (pulpy kidney disease). 


Where enterotoxemia caused substantial 
losses in fattening lambs, the use of alum 
precipitated toxoid appeared to be a prom- 
ising method for reducing losses. 
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Hexachlorethane-Bentonite Suspension for the Removal of 
the Common Liver Fluke, Fasciola Hepatica, From Sheep 


O. WILFORD OLSEN, Ph.D. 


Angleton, Texas 


FOLLOWING the favorable results obtained 
in removing the common liver fluke (Fas- 
ciola hepatica) from cattle with an aqueous 
suspension of hexachlorethane and bento- 
nite, developed by the writer,’* this prepa- 
ration was tested experimentally as a 
fasciolicide in sheep. The results were en- 
couraging in that (1) hexachlorethane was 
well tolerated by sheep and (2) it proved 
effective in removing liver flukes. 

The purpose of this paper is to present 
the preliminary results obtained in the ex- 
perimental medication of sheep with the 
hexachlorethane-bentonite suspension. 
REVIEW OF LITERATURE 

Hexachlorethane was introduced as a fasci- 
olicide by Thienel” in 1926 for controlling liver 
flukes in cattle. The drug was dissolved in 
tetrachlorethylene and marketed in capsules 
and as a drench under the proprietary name 
of ‘‘Neoserapis.” 

The following year, Marek’ combined hexa- 
chlorethane with filicic acid for use primarily 
as a fasciolicide in cattle. It was marketed in 
capsules under the trade name “Distol comb.” 

Following Thienel’s lead, many preparations 
containing hexachlorethane were introduced 
for removing liver flukes.’ For the most part, 
these preparations were intended for use in 
cattle, because carbon tetrachloride, introduced 
as a fasciolicide in sheep by Montgomerie” in 
England, and Thienel” in Germany, was being 
used extensively at that time for the treatment 
of sheep. 

The principal pioneer work on hexachlor- 
ethane as a fasciolicide in sheep was done in 
Germany and Jugoslavia. In Germany, Ndéller 
and Schmid” reported that hexachlorethane in 
a solution of olive oil was not effective against 
liver flukes, when injected subcutaneously at 
the rate of 15 Gm. per 50 kg. of body weight. 
On the other hand, a dose of 14 Gm. per 50 kg. 
of body weight, injected intraperitoneally, was 
effective. The disadvantage of this type of 
treatment, according to the authors, was that 
the flesh acquired the camphorous odor of 
hexachlorethane. 

Hilz and Scheuble’ reported that hexachlor- 
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ethane, dissolved in acetic ether, mixed with 
raw sugar or used straight, gave good fluke 
removal from 14 sheep, when administered by 
mouth at the rate of 10 Gm. per 50 kg. of body 
weight. These writers stated that the flesh of 
sheep so treated did not acquire the odor of 
hexachlorethane. 

Following medication of infected sheep with 
“Distol comb” and “Neoserapis,” Liihr® report- 
ed that 62.7 per cent of the animals that re- 
ceived “Distol comb” failed to show fluke eggs 
in the feces, while 51.7 per cent and 42.5 per 
cent, respectively, of the animals that received 
“‘Neoserapis” as a drench or in capsules passed 
no fluke eggs. 

Accordinz to Wohrab,” of 900 sheep showing 
fluke eggs in the feces at the time of medica- 
tion with “Tgitol,” a proprietary treatment 
containing dry powdered hexachlorethane and 
inert substances, 7 showed numerous fluke 
eggs, and 154 showed some eggs, eight days 
after treatment. It was believed all the eggs 
had not been eliminated at the time of the 
post-treatment examination, because no living 
flukes were found in the sheep that were sub- 
jected to autopsy. 

In Jugoslavia, Klobouk* reported hexachlor- 
ethane to be the drug of choice for removing 
the common liver fluke from sheep and goats 
when given in 2 doses at the rate of 0.18, 0.2, 
or 0.3 Gm. per kilogram of liveweight. The 
hexachlorethane was dissolved either in ether, 
“benzin,” or ““benzol” and administered in gela- 
tin capsules at intervals of twenty-one to 
twenty-seven hours to animals that had been 
fasted. No untoward effects were produced. 
Flukes in the bile ducts were killed in a short 
time but the young parasites in the liver 
parenchyma were not affected. 

Jezic and Mlinac,* and Vukovic™ reported 
that “Igitol” was effective against liver flukes 
in sheep. Moreover, they stated it possessed 
certain nematocidal properties against the 
strongyles present. 

Ganslmayer and GrmoSek’ considered hexa- 
chlorethane in doses of 8 to 10 Gm. to be a 
good fasciolicide in sheep. Doses of 6 Gm. 
usually destroyed the adult flukes. but not the 
young ones. The hexachlorethane was molded 
into boluses together with a substance that 
caused them to break down readily in the i- 
gestive tract. These workers considered car- 
bon tetrachloride to be the fasciolicide of 
choice but used hexachlorethane as a substi- 
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tute because of war shortages of materials 
needed for manufacturing gelatin capsules. 

In Italy, Ventura” reported that a single 
60-Gm. dose of “Igitol” removed flukes from 
sheep as early as twenty-four hours after 
treatment. 


MATERIALS AND METHODS 


The results of medication of sheep with 
hexachlorethane-bentonite suspension prepared 
in our laboratory were determined on the basis 
of egg tounts made on individual fecal speci- 
mens taken (1944) from 110 marked animals 
before and after treatment; the post-treat- 
ment counts were made about two weeks after 
medication. Moreover, 20 postmortem exam- 
inations were made (1945) on treated sheep 
from four to sixteen days after medication, 
except in the case of 1 animal which was ex- 
amined sixty-five days after treatment. 

The hexachlorethane-bentonite suspension 
was prepared as an aqueous drench by mixing 
500 Gm. of commercial hexachlorethane 
ground to finer than 60-mesh size, 50 Gm. of 


bentonite, 1/4 to 1/2 teaspoonful of white flour, 
and 750 cc. of tap water. When combined, the 
above ingredients produce approximately 1,000 
ec. of suspension having 1 part of hexachlor- 
ethane by weight to 2 parts of the mixture 
by volume.” * 

In preparing the suspension, the water was 
added slowly to the dry ingredients while stir- 
ring with a wooden paddle. The final mixing 
was done with an electric kitchen mixer,” or 
by passing the wet material through a fine 
brass screen. The screen provided a highly 
efficient and inexpensive mixing unit. It was 
made by soldering a 20-mesh (linear measure- 
ment) brass or copper screen into a 12-quart 
bucket as a replacement for the bottom. Pass- 
age of the material through the screen was 
facilitated by rubbing the inside of the screen 
with a small brush having stiff bristles. To 
insure thorough mixing of the ingredients, the 
suspension was passed through the screen a 
second time. - The above equipment will handle 
sufficient ingredients at one time to produce 
about 2 gallons of suspension. 


TABLE !—Results of the Treatment of Sheep with 15 Gm. of Hexachlorethane in Suspension per 


Animal in Removing the Common Liver Fluke 


Eggs/Gm. 
feces/animal 


Animals before 
treated! 


treatment 


Egegs/Gm. 
feces/ Animals 
animal negative for 
positive fluke eggs? 


after treatment 


Animals 
negative positive 
after treatment 


(Per cent) 
90 


(No.) (No.) (No.) 
9 4 
11 100 


— 


104 


‘Grouped according to number of eggs per gram of feces. 


"Negative for fluke eggs in each category. 
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The suspension was administered orally in 
a single dose by means of a metal dose syringe. 
Each sheep listed in table 1, and 138 of the 
animals examined post mortem (table 2) re- 
ceived 30 cc. of the suspension. Each of the 
remaining 7 sheep examined post mortem re- 
ceived 60 cc. (table 2). The sheep were not 
fasted before or after treatment. 


Egg counts before and after medication 
were made from fecal specimens taken. from 
the rectum. The samples were prepared for 
counting as follows: 10 Gm. of feces were 
weighed into a 300-cc. Erlenmeyer flask cali- 


brated for that volume; the flask was partially 
filled with 0.4 N sodium hydroxide solution, 
closed with a No. 6 rubber stopper, and al- 
lowed to stand over night. Following vigor- 
ous shaking of the flask next morning to as- 
sure thorough comminution of the pellets, it 
was filled to the 300-cc. mark with the sodium 
hydroxide solution. 

Immediately after shaking the flask, a 7.5- 
ec. aliquot containing 0.25 Gm. of the original 
fecal material was transferred from the flask 
to a 15-cc. centrifuge tube by means of a 10-cc. 
Mohr measuring pipette fitted with a rubber 
bulb of approximately 15-cc. capacity. The 
samples were cleaned of coloring matter and 
fine débris by repeated centrifuging in sodium 
chloride solution having a specific gravity of 
approximately 1.2. Each set of tubes was 
centrifuged five to six times, or until clear, 
with a hand-driven centrifuge at the rate of 
about 1,600 r.p.m. for ten to twelve turns of 
the handle. The fluke eggs and the heavier 
débris were driven to the bottom of the tube 
while the fine particles remained in suspen- 
sion. After each centrifugation, the super- 
natant fluid containing the suspended débris 
was drawn off by means of a filter pump. 
After the sample was sufficiently cleared, it 
was passed through an 80-mesh screen (linear 
measurement) into a counting chamber. The 
latter consisted of a 70-mm. Petri dish marked 
by means of a diamond point pencil with 
parallel lines 3 mm. apart. Counting was done 
with a dissecting microscope, using a magni- 
fication of 32 or 50. 


RESULTS OF TREATMENT 


The results of the treatment of sheep 
with hexachlorethane suspension were de- 
termined by (a) egg counts, (b) postmor- 
tem examinations, and (c) appearance of 
flocks in which losses were occurring previ- 
ous to medication. 

Egg Counts.—As shown in table 1, 104 
of the 110 sheep, each drenched with 30 cc. 
of the hexachlorethane suspension, did not 
show eggs in the feces ten to sixteen days 


after treatment. Eggs were found in only 6 
animals. Three of the animals that re- 
mained positive had an original count of 16 
or less eggs per gram of feces; they showed 
little or no decrease in the number of eggs. 
The other 3 animals showed only four eggs 
each per gram after treatment as compared 
to the premedication counts of 60 to 112 
eggs per gram of feces. 

Postmortem Examination. — Twenty 
sheep were examined post mortem following 
medication with hexachlorethane. Of this 
number, 13 received 30 cc. each of the med- 
icament, and 7 received 60 cc. each. Four 
sheep were held as untreated controls. The 
results are given in table 2. 

Examination of the data presented in 
table 2 shows that (1) immature flukes 
are more resistant to hexachlorethane medi- 
cation than mature ones; (2) greater effi- 
cacy in removal of adult flukes was obtained 
by medicating with 60cc. of suspension 
than with 30cc.; and (3) highest survival 
of young flukes was in livers showing 
extensive pathology, most of the flukes 
being recovered from tunnels in the liver 
parenchyma. 

The advanced pathology observed con- 
sisted in greatly thickened bile ducts, much 
connective tissue induration, and many 
tunnels made throughout the parenchyma 
by the migrating young flukes. 

There was a higher survival of both im- 
mature and mature flukes in sheep receiv- 
ing 30 cc. of suspension than im sheep re 
ceiving 60cc. In sheep medicated with 
30 cc., the mean number of flukes surviving 
was 12+ 29.3 immature specimens and 
2.07 + 5.29 mature ones. In the sheep re- 
ceiving 60 cc., there was a mean survival of 
10 + 13.74 young flukes and 0.57 + 1.69 
adult flukes per animal. 

It should be noted that in the case of 
sheep K7 the postmortem examination was 
not made until sixty-five days after medica- 
tion. In view of the total kill of adult flukes 
in the other 6 sheep receiving 60 cc. of sus- 
pension, it is probable that the four flukes 
found at necropsy in sheep K7 survived 
medication as small flukes rather than as 
adults. If this is assumed to be the case, 
the efficiency of hexachlorethane suspen- 
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sion in 60-cc. doses per sheep was 100 per 
cent for adult flukes. 

Of the 4 control sheep, 2 died of acute 
fascioliasis and 2 were slaughtered. Counts 
of the flukes in the sheep that died were 
not made because of postmortem decompo- 
sition of the livers; however, many flukes, 
both large and small, were observed. The 
livers of both sheep exhibited typical “liver 
rot” resulting from numerous tunnels 
throughout the parenchyma caused by the 
burrowing activities of the young flukes. 
Of the other 2 control sheep, 1 harbored 2 
adult flukes only, and the other 38 imma- 
ture and 137 mature flukes, the total num- 
ber being 175. 

Appearance of Medicated Flocks.—In 
flocks where nearly all the sheep were in- 
fected and deaths from acute fascioliasis 
were occurring, all losses stopped following 
medication with either 30-cc. or 60-cc. doses 
of hexachlorethane suspension. The phys- 
ical appearance of the sheep improved 
greatly. 


On the basis of periodic egg counts made 
on flocks at monthly intervals following 
treatment, it appeared that the fluke infec- 
tion built up more slowly following medica- 
tion of the sheep with 60 cc. of suspension 


than it did following treatment with 30-cc. 
doses. 


TOLERANCE OF SHEEP TO HEXACHLORETHANE 


In order to determine the effect of re- 
peated administration of hexachlorethane 
suspension in doses of 30 cc. and 60 cc., re- 
spectively, 2 sheep were drenched daily. 
One, a small mature ewe, was drenched 
with 30cc. of the suspension for twelve 
consecutive days, receiving a total of 180 
Gm. of the drug without showing untoward 
effects. The second sheep, a yearling ram, 
was given 60 cc. daily, for four successive 
days, receiving a total of 120 Gm. of the 
drug; he showed no ill effects until the 
morning of the fifth day when he was found 
down in a shallow depression and, presum- 
ably, was unable to rise after bedding down 
for the night. Upon being helped to his 
feet, he ran to the flock. At first, he mani- 
fested unsteadiness in his hind legs by 
reeling and staggering somewhat when 
standing. Having rejoined the flock, his 
only reaction was to follow it. However, 
after about an hour, he appeared quite nor- 
mal in his actions and was grazing. 

Another young ram of small size, that 
was both extremely emaciated and weak 
from the effects of haemonchosis, received 


TABLE 2—Results of Postmortem Examination of Sheep Treated with Doses of Either 15 Gm. or 30 Gm. 


of Hexachlorethane in Suspension in Removing Liver Fluke 


Eggs/Gm. 
of feces 
at time 
of treat- 

ment 


Treated 


Date—1945 


Flukes found at necropsy 


Imma- 
ture 


Pathology 


Slaugh- 
tered Mature Total of liver 


(Grams) 
15 


(No.) (No.) 
0 0 Slight' 
Extensive* 


Extensive 


Extensive 
Extensive 
Extensive 


Slight 

Slight 

Extensive 
Extensive 
Extensive 
Extensive 
Extensive 


00-4 bo bo 


0 
0 


Go 


33 


bo 
' 


1Main bile ducts slightly thickened and containing light greenish white fluid. 
*Lamb, not over six months old. 

*Bile ducts greatly ——— and many galleries in liver parenchyma. 
‘One fluke dead and partly decomposed. 
‘Posterior half of each fluke partly decomposed, anterior half still alive. 
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30 cc. of the suspension. He was unable to 
rise the morning after receiving the medi- 
cation but when helped to his feet he was 
able to walk long distances. He was de- 
stroyed the fourth day after treatment 
without having regained his strength. He 
ate well up to the time of slaughter. 


DISCUSSION 


Hexachlorethane in an aqueous suspen- 
sion with bentonite is an effective treat- 
ment for the removal of adult liver flukes 
from sheep. When administered at a dose 
rate of 60 cc. (30 Gm. of hexachlorethane) 
per animal, it was more effective than when 
used at half that dose rate. 


Young flukes proved to be more resistant 
to medication with hexachlorethane than 
adults. Similar results were reported by 
Klobouk,* and Ganslmayer and Grmovsek,’ 
for sheep, as stated elsewhere in this paper, 
and by Olsen'*® for cattle. Montgomerie,’® 
and Shaw and Simms"? observed that 
young flukes in sheep and goats were also 
resistant to carbon tetrachloride therapy. 

The resistance of young flukes is prob- 
ably caused, in part, by the prolonged and 
indirect migratory route that is taken by 
them from the lumen of the intestine to the 
bile ducts of the liver. As shown by Sinit- 
sin,'® and later confirmed by Krull and 
Jackson,’ the metacercariae, upon being re- 
leased from the cysts in the intestine, pene- 
trate the gut wall, migrate to the liver, and 
burrow through the capsule into the paren- 
chyma. The flukes leave the liver paren- 
chyma and enter the bile ducts where sexual 
maturity is attained approximately three 
months after they enter the host. Only 
when the flukes are in the bile ducts can 
the drug act on them. When treatment is 
administered during the period of migra- 
tion, the young flukes apparently either do 
not come in contact with the drug or with 
a sufficiently high concentration of it to 
kill them. 

According to Konos,* serum from the 
blood of animals containing the maximum 
amount of the drug following medication 
with hexachlorethane was not toxic to 
flukes, whereas bile from such animals was 
toxic to them. He concluded that the drug 


is eliminated in the bile and that it reaches 
the maximum corfcentration and efficiency 
in the bile ducts where the flukes are killed. 
Since the drug is believed to be excreted in 
the bile, it is reasonable to assume that the 
extensive pathology of the bile ducts that 
commonly results from fluke infection 
would impair greatly the secretory func- 
tions of the liver, thereby reducing the 
effectiveness of the medication. 


Destruction by the migrating flukes of 
the blood capillaries together with the liver 
cells, bile capillaries and canaliculi, and 
their replacement with connective tissue, 
presumably interferes with the efficient pas- 
sage of the drug from the blood to the bile 
and with its flow to the main bile ducts 
where the adult flukes are located. For this 
reason, treatments should be employed in so 
far as possible to prevent severe pathology, 
rather than delayed until after losses have 
begun. 

In view of the above considerations, it is 
apparent that no one schedule of medication 
can be expected to prove adequate for the 
entire country. It is important, therefore, 
that medication be given at a time when the 
number of young flukes in the host is 
lowest. 

In the warm, moist climate of the Gulf 
Coast region, where sheep graze through- 
out the year, fluke infestation of pastures 
is lowest during late summer and fall when 
normally a prolonged period of heat and 
drought has already destroyed the encysted 
metacercariae and prevented the snails 
from becoming sufficiently active to rein- 
fest the grass.'® By late fall, most of the 
flukes in sheep are mature, and in the bile 
ducts. 

Medication at this time, followed by 
treatments at intervals of four to six 
months, has been highly effective in stop- 
ping losses and improving the appearance of 
animals. Moreover, it has reduced materi- 
ally the infestation on pastures. In cold 
regions where sheep are removed from 
infested pastures to feedlots, or to fluke- 
free areas for winter grazing, treatment at 
this time, and again about four months 
later, or just before returning them to 
infested areas, should give good results. 
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Sinee 60 cc. of the suspension containing 
30 Gm. of hexachlorethane was more ef- 
fective in removing the adult flukes from 
sheep than the 30-cc. dose, the former more 
nearly approximates the desired therapeutic 
dose than the lower dose. Treatments with 
30 ce. of the suspension gave reasonably 
good removal of flukes but some egg-laying 
flukes remained in the sheep, as shown by 
both the egg counts and the postmortem 
examinations. Occasionally, the number of 
adult flukes remaining in the bile ducts was 
rather high. In 1 lamb, 19 flukes were found 
at postmortem examination. 


SUMMARY 


1) Hexachlorethane prepared as a sus- 
pension with bentonite and water proved 
to be an effective fasciolicide for sheep 
when given as a drench. 


2) A simple method of mixing the sus- 
pension by. passing the wet ingredients 
through a fine brass or copper gauze sol- 
dered in a bucket in replacement of its bot- 
tom is described. 


3) A new method of clearing fecal sam- 
ples by means of a hand centrifuge, satu- 
rated sodium chloride solution, and an 80- 
mesh (linear measure) screen for dilution 
counts of liver fluke eggs is described. 


4) Of 110 infected sheep given 30 cc. of 
suspension (15 Gm. of hexachlorethane), 
104 did not show eggs of the liver fluke in 
the feces following a single treatment. Lit- 
tle change occurred in the number of eggs 
of 3 animals whose original counts were 16 
per gram or less. The remaining 3 showed 
only four eggs per gram as compared with 
. premedication count of 60 to 112. 


5) Postmortem examinations on 13 sheep 
iven 30 ce. of suspension revealed imma- 
‘ure flukes in 5 animals and mature flukes 
n 4. The mean number per sheep was 
'2 + 29.3 immature flukes and 2.07 +5.29 
nature flukes. 

6) Postmortem examinations on 7 sheep 
reated with 60 cc. of suspension showed 3 
with immature flukes and 1 with adult 
flukes. The mean number per sheep was 
10 + 13.74 immature flukes and 0.57 + 1.69 
mature flukes. 


7) Of 4 control sheep, 2 died of acute 
fascioliasis and 2 were slaughtered. The 2 
that died were not examined quantitatively 
for flukes. One of the slaughtered sheep 
showed two adult flukes and the other 
showed 38 immature and 137 mature flukes. 

8) The highest survival of flukes oc- 
curred in livers showing the severest 
pathology. 

9) Immature flukes were more resistant 
to hexachlorethane than mature flukes. 

10) Hexachlorethane was well tolerated 
in doses far in excess of the amounts re- 
quired to remove the flukes. 

11) A consideration of the liver fluke 
problem suggested the importance of _treat- 
ing during the season when the fewest im- 
mature flukes are present in the body of the 
host. 


Since this paper was submitted for publication, 
some instances of intoxication and death, for which 
there is no obvious explanation, occurred in one 
locality outside the coastal area of Texas following 
treatment of sheep with hexachlorethane, as well 
as with a standard dose of carbon tetrachloride. 
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The Relative Activity of Sulfanilamides and Other 
Compounds in Avian Coccidiosis (Eimeria Tenella) 


EMANUAL WALETZKY, Ph.D., and CARRIE OLA HUGHES, B.A. 
Stamford, Connecticut 


VARIOUS INVESTIGATORS have found that 
sulfaguanidine is an effective agent in the 
control of coccidiosis of poultry’:?, sheep*, 
and cattle*. The reported activity of sulfa- 
nilamide®, sulfapyridine*®, sulfadiazine’, and 
sulfamethazine’* in poultry coccidiosis in- 
dicates that anticoccidial activity may char- 
acterize many sulfanilamide derivatives. 
This paper reports a preliminary quantita- 
tive appraisal of the activity of 45 sulfa- 
nilamides, and of ten other compounds in 
Eimeria tenella infections of chickens. The 
correlation between the blood concentra- 
tions and the anticoccidial activity of the 
sulfanilamides has also been investigated. 

Since many sulfanilamides are only avail- 
able in relatively small quantities, a pro- 
cedure was devised which would detect 
anticoccidial activity about half that of 
sulfaguanidine with only 3 Gm. of com- 
pound. Almost all compounds could be tested 
in 5 infected birds as 1 per cent drug diets 
by using small chicks. Compounds which 
were toxic at this level were generally tested 
near the maximum tolerated dose. 
METHODS 

Organism.—A strain of Eimeria tenella was 
obtained from the Zoélogical Division of the 
Bureau of Animal Industry of the U. S. De- 
partment of Agriculture, through the courtesy 
of Dr. E. W. Price. For the most part, the 
conventional methods of obtaining sporulated 
oécysts and infecting the birds have been fol- 
lowed. Large numbers of odcysts were ob- 
tained from the ceca of 2-week-old birds eight 
days after inoculation with 1,000 odcysts. The 
following innovation avoids the tedious process 
of making cecal scrapings and screening them 
through wire mesh or cloth. The intact ceca 
were homogenized in a Waring blender for 
three minutes, concentrated by centrifugation, 
and ground with a mortar and pestle for a 
minute. They were then suspended in 2.5 per 
cent potassium dichromate solution and cul- 


From the Chemotherapy Division, Stamford Re- 
search Laboratories of the American Cyanamid 
Company, Stamford, Conn. 


tured in the usual fashion. This suspension 
does not contain large fragments of débris, 
and odcyst counts can be made directly with- 
out screening. 

Chemical Compounds.—All the sulfanila- 
mides tested were obtained from the Stamford 
Laboratories or the Calco Chemical Division 
of the American Cyanamid Company. The 
chemical characterization and the methods of 
synthesis may be found in the references cited 
in tables 4 and 5 except for compound 35 (m.p. 
209-210 C.) prepared by method G of refer- 
ence 23, compound 42 (m.p. 123-125 C.) pre- 
pared by method H of reference 23, and 
cempound 89 (m.p. 225-226 C. with decom- 
position) synthesized by Alan E. Pierce, of 
Caleco Chemical Division. 

Routine Testing Procedure.—Single Comb 
White Leghorns were obtained from a com- 
mercial hatchery as day-old chicks. The usual 
precautions were taken to avoid accidental 
coccidiosis infections. At 7 to 10 days of age 
they were transferred to the experiment room 
which was maintained at approximately 90 F. 
The light schedule was automatically regu- 
lated to give a twelve-hour light period alter- 
nating with a twelve-hour dark period, which 
approximates farm conditions. The compounds 
were thoroughly mixed with a stock diet of 
Purina brand starting mash and administered 
as drug diets throughout the entire test. Two 
days after the birds were placed on drug, they 
were inoculated with about 80,000 sporulated 
odcysts. In the untreated controls, scanty 
amounts of blood appeared in the droppings 
four days after infection and profuse amounts 
on the following day. Out of 61 untreated 
controls, 28 died on the fifth, 22 on the sixth, 
and 6 on the seventh day of the infection. 
The surviving birds were killed on the seventh 
day after inoculation. 

Since only small amounts of many com- 
pounds were available it frequently was nec- 
essary to use only 5 birds in testing a com- 
pound, and it became desirable to obtain 
uniformly high mortality in the untreated con- 
trols. Theoretically, with a true mortality of 
80 per cent based on large numbers, a test 
group with only one death out of five repre- 
sents a significant deviation from expectation, 
p=0.01. With lower control mortality, all 
birds must survive for statistically significant 
results, and an occasional death in a test 
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group due to such factors as toxicity, poor 
initial viability, or unequal distribution of 
oécysts in the inoculum might obscure the ac- 
tivity of a compound. In early trials with an 
inoculum of about 80,000 sporulated odcysts 
per bird, only 11 out of 16 controls died when 
the average weight at the time of inoculation 
was 105 Gm. The same size inoculum killed 
37 out of 39 controls when the initial weight 
averaged 60 Gm. (Fragmentary data suggest 
that ony 1,000 odcysts would kill half the 
chicks in the 60-Gm. group.) 

The birds usually weighed 50 to 80 Gm. each 
at the beginning of a test. The 5 birds in each 
experimental group did not vary by more than 
10 Gm., and the mean weights of the different 
groups within a test did not vary by more 
than 20 Gm. Each test usually included about 
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an inaccurate indication of dosage since food 
intake is reduced with some drug diets. There- 
fore, the drug intake has been calculated as 
milligrams of drug per kilogram of body 
weight per day from the data on the per cent 
diet, the food intake, and the mean weight of 
the birds. Food intake was determined with 
fair accuracy by using food jars which per- 
mitted only a small amount of wastage. (The 
glass food jars were 3 1/2 in. in diameter, 2 1/2 
in. in height, and had screw type plastic tops 
with central apertures 11/8 in. in diameter.) 
Although drug diets were administered 
throughout the entire nine days of each test, 
only the drug intake for the first five days of 
each test was used, since with relatively in- 
active compounds inappetence and death due 
to the infection made it difficult accurately to 


TABLE I—Variations in Sulfanilamide Blood Levels with Alternate Twelve-Hour Light and Dark Periods. 


(Determinations made on fourth day of treatment) 


Compound Diet 0 


“ee Average Blood Level—mg. per cent 


Light Period Dark Period 
(hours) (hours) 

4 8 12 16 20 24 
15.1 22.1 17 10.4 9.5 5.9 
10.1 10.3 10.4 8.6 5.1 2.6 
15.8 4.8 
4.7 1.4 


30 drug-treated groups, several sulfaguani- 
dine-treated groups, 1 untreated control group 
at the lower range of the group weights, and 
1 at the upper range. Each group of 5 birds 
was in a separate cage and the group weights 
were determined initially, and on the fifth and 
ninth days of the experimént, 600 Gm. of drug 
diet were generally mixed for each group, and 
the amount of unconsumed diet was deter- 
mined on the fifth and ninth days. 


Blood concentrations of free sulfanilamide 
in milligrams per 100 cc.* were obtained by 
the method of Bratton and Marshall.’ Usually, 
only a single determination was made for each 
group on a pooled sample containing 0.02 cc. 
of blood from each bird. This sample was 
collected on the fourth or fifth day of the test 
from six to eight hours after the beginning 
of the light period. Judging from the 24-hour 
curves obtained with sulfaguanidine and sul- 
fadiazine on our light schedule (table 1), blood 
levels taken at this time are near the peak 
values. Although this light schedule does not 
produce uniform concentrations, appreciable 
amounts of drug’are present throughout the 
entire twenty-four hours, even with such rap- 
idly excreted compounds as sulfanilamide and 
sulfathiazole. 

The percentage of drug in the diet is often 


*We are indebted to Miss Hazel Williams for 
these determinations. 


determine food intake per day after this time 


Evaluation of Activity——Three criteria of 
activity were employed: The proportion of 
surviving birds on the seventh day after in- 
fection, the severity of the cecal lesions, and 
the gains in body weight of the survivors. Ali 
the birds were subjected to autopsy and their 
cecal lesions classified as 0, 1, 2, 3, which indi- 
cate respectively: no lesions; less than ten pin- 
point hemorrhages; lesions marked but not ex- 
treme; ceca greatly distended with mucosa 
greatly thickened and lumen completely filled 
with blood or a caseous core. The numerical 
value of each class may be used in computing 
group averages. The anticoccidial activity of 
our standard drug, sulfaguanidine (SG), at 
different concentrations seems to fall into three 
broad categories (table 2). With 0.25 and 
0.5 per cent drug diets, about half the birds 
survive, but do not gain weight during the last 
four days of the test. With 0.75 to 1.25 per 
cent, all the birds survive and gain weight 
throughout the infection and the cecal lesions 
are less marked than in the controls. With 
1.5 and 2.0 per cent diets, cecal lesions are 
completely suppressed in most birds. In re 
gard to survival and cecal lesions, the 0.25 an: 
0.5 per cent diets do not differ at the 1.0 per 
cent level of statistical significance, but the 
0.5 and 1.0 per cent diets differ, likewise the 
1.0 and 1.5 per cent diets. Our data on other 
concentrations are only indicative. There may 
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however, be a correlation between weight 
gains and dosage in the range from 0.75 to 
1.25 per cent diets, since r is +0.74 in nine 
groups of birds and the probability that this 
does not differ from a zero correlation is less 
than 0.05. 

The activity of the compounds has been 
compared by means of a sulfaguanidine equiv- 
alent, i.e., the minimal dosage of SG divided 
by the minimal dosage of the test drug which 
gives comparable activity in the same experi- 
ment. This method of comparing chemothera- 
peutic activity is an adaptation of an as yet 
unpublished procedure developed by E. K. 
Marshall, Jr. and his collaborators for the 
evaluation of antimalarial activity. Some rep- 
resentative material from a single experiment 


790 mg. of SG produced more of an effect 
than 1,690 mg. of N*‘-Phthalylsulfathiazole, 
the latter is less than 0.5 SG. 

Ordinarily, the equivalents of a compound 
are similar at the three different levels of ac- 
tivity described for SG, and the figures given 
represent a composite value from all tests. 
Although our determinations of SG equiva- 
lents represent only rough approximations to 
the true activity values, because of small num- 
bers of birds and the general use of twofold 
dilutions in the drug diets, they indicate the 
general order of magnitude with sufficient 
accuracy to permit the selection of promising 
compounds for more intensive study. These 
equivalents and those given in the other tables 
represent convenient concise descriptions of 


TABLE 2—The Effect of Sulfaguanidine on Eimeria tenella Infections 


Blood Levels 
_ Near Peak 

Mg./100 ec. 
Mean (Range) 


Marked 
Cecal 


Lesions* 


% Weight Gains 


+ 
Intake in Days 


Gm./kg./day 
Mean (Range) 


Survivors 
Total Birds 


28 
20 (17-22) 
15 
13 (10-17) 


0.77 (0.66-0.87) 
0.39 (0.33-0.44) 


Administration begun two days before infection. 
= Number with class 2 and 3 lesions/total birds. 


illustrates the general procedure and also cer- 
tain irregularities which may occur in this 
type of data (table 3). In the appraisal of 
anticoccidial activity from such limited data, 
we have given the greatest weight to survival 
and the proportion of birds which show no, or 
only slight, cecal lesions (classes 0 and 1), 
while reduced weight gains are mainly helpful 
in suggesting possible toxicity (see later). In 
this experiment, the minimal dose of SG which 
saved all the birds of a group was 790 mg. per 
kilogram per day, while the minimal dose 
which prevented cecal lesions in most birds of 
a group was 2,180 mg. per kilogram per day. 
\lthough it is possible that lower concentra- 
‘ions of SG would have also saved all the 
birds, this does not seem probable in the light 
of other experience with SG (table 2) and the 
igh mortality among the untreated controls. 
‘The above minimal doses are not altered by 
uch apparent discrepancies in the SG data 
‘s the single bird on 0.75 per cent SG with no 
ecal lesions, or the poor weight gains on 1 per 
ent SG. These discrepancies may be due to 
mall sample size, biologic variability, or other 
ictors.) Since 790 mg. per kilogram per day 
‘ SG and 1,380 mg. of sulfathiazole give com- 
arable effects, the SG equivalent of the latter 
: therefore 0.6. Similarly 2,180 mg. of SG 
ind 615 mg. of N*-Acetylsulfamethazine can 
e equated, yielding a ratio of 3.6 SG. Since 


drug activity, but it must be stressed that with 
such limited data differences which are less 
than twofold are probably not significant. 
Toxicity—The exploratory nature of this 
work and the limited supply of most com- 
pounds did not justify the use of treated and 
untreated control groups or of detailed patho- 
logic examination to elucidate drug toxicity. 
However, the mortality, the weight gains, and 
the food intakes of the drug-treated birds, 
compared with those of the untreated controls 
in the first portion of the experiments, are 
helpful in indicating possible toxicity. Since 
none of the untreated controls died before the 
fifth day of the infection, the occurrence of 
two or more deaths among 5 treated birds 
before the fourth day of the infection (during 
the first five days of drug treatment) suggests 
drug toxicity and has been indicated in the 
tables by the letter T. With some drug diets 
no early deaths occurred, but food intakes 
were reduced and weight gains were less than 
half those of the untreated controls during 
the first five days on drug. This has been 
indicated in the tables by the letter t. (Less 
marked mortality or lesser inhibition of 
growth was not considered significant under 
our experimental conditions.) These low in- 
takes of drug diets are probably due either to 
inappetence resulting from toxicity, or to un- 
palatability, which may be considered as a 
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group due to such factors as toxicity, poor 
initial viability, or unequal distribution of 
oécysts in the inoculum might obscure the ac- 
tivity of a compound. In early trials with an 
inoculum of about 80,000 sporulated odcysts 
per bird, only 11 out of 16 controls died when 
the average weight at the time of inoculation 
was 105 Gm. The same size inoculum killed 
37 out of 39 controls when the initial weight 
averaged 60 Gm. (Fragmentary data suggest 
that ony 1,000 odcysts would kill half the 
chicks in the 60-Gm. group.) 

The birds usually weighed 50 to 80 Gm. each 
at the beginning of a test. The 5 birds in each 
experimental group did not vary by more than 
10 Gm., and the mean weights of the different 
groups within a test did not vary by more 
than 20 Gm. Each test usually included about 
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an inaccurate indication of dosage since food 
intake is reduced with some drug diets. There- 
fore, the drug intake has been calculated as 
milligrams of drug per kilogram of body 
weight per day from the data on the per cent 
diet, the food intake, and the mean weight of 
the birds. Food intake was determined with 
fair accuracy by using food jars which per- 
mitted only a small amount of wastage. (The 
glass food jars were 3 1/2 in. in diameter, 2 1/2 
in. in height, and had screw type plastic tops 
with central apertures 11/8 in. in diameter.) 
Although drug diets were administered 
throughout the entire nine days of each test, 
only the drug intake for the first five days of 
each test was used, since with relatively in- 
active compounds inappetence and death due 
to the infection made it difficult accurately to 


TABLE I—Variations in Sulfanilamide Blood Levels with Alternate Twelve-Hour Light and Dark Periods. 
(Determinations made on fourth day of treatment) 


Average Blood Level—mg. per cent 


Light Period Dark Period 


(hours) (hours) 
% Drug -— 
Compound Diet 0 4 s 12 16 20 24 
0.6 2.7 15.1 22.1 17.8 10.4 9.5 5.9 
1.0 6.5 10.1 10.3 10.4 8.6 5.1 2.6 


30 drug-treated groups, several sulfaguani- 
dine-treated groups, 1 untreated control group 
at the lower range of the group weights, and 
1 at the upper range. Each group of 5 birds 
was in a separate cage and the group weights 
were determined initially, and on the fifth and 
ninth days of the experimént, 600 Gm. of drug 
diet were generally mixed for each group, and 
the amount of unconsumed diet was deter- 
mined on the fifth and ninth days. 

Blood concentrations of free sulfanilamide 
in milligrams per 100 cc.* were obtained by 
the method of Bratton and Marshall.’ Usually, 
only a single determination was made for each 
group on a pooled sample containing 0.02 cc. 
of blood from each bird. This sample was 
collected on the fourth or fifth day of the test 
from six to eight hours after the beginning 
of the light period. Judging from the 24-hour 
curves obtained with sulfaguanidine and sul- 
fadiazine on our light schedule (table 1), blood 
levels taken at this time are near the peak 
values. Although this light schedule does not 
produce uniform concentrations, appreciable 
amounts of drug are present throughout the 
entire twenty-four hours, even with such rap- 
idly excreted compounds as sulfanilamide and 
sulfathiazole. 

The percentage of drug in the diet is often 


*We are indebted to Miss Hazel Williams for 
these determinations. 


determine food intake per day after this time 


Evaluation of Activity—Three criteria of 
activity were employed: The proportion of 
surviving birds on the seventh day after in- 
fection, the severity of the cecal lesions, and 
the gains in body weight of the survivors. All 
the birds were subjected to autopsy and their 
cecal lesions classified as 0, 1, 2, 3, which indi- 
cate respectively: no lesions; less than ten pin- 
point hemorrhages; lesions marked but not ex- 
treme; ceca greatly distended with mucosa 
greatly thickened and lumen completely filled 
with blood or a caseous core. The numerical 
value of each class may be used in computing 
group averages. The anticoccidial activity of 
our standard drug, sulfaguanidine (SG), at 
different concentrations seems to fall into three 
broad categories (table 2). With 0.25 and 
0.5 per cent drug diets, about half the birds 
survive, but do not gain weight during the last 
four days of the test. With 0.75 to 1.25 per 
cent, all the birds survive and gain weight 
throughout the infection and the cecal lesions 
are less marked than in the controls. With 
1.5 and 2.0 per cent diets, cecal lesions are 
completely suppressed in most birds. In re 
gard to survival and cecal lesions, the 0.25 an 
0.5 per cent diets do not differ at the 1.0 pe: 
cent level of statistical significance, but the 
0.5 and 1.0 per cent diets differ, likewise the 
1.0 and 1.5 per cent diets. Our data on other 
concentrations are only indicative. There may 
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however, be a correlation between weight 
gains and dosage in the range from 0.75 to 
1.25 per cent diets, since r is +0.74 in nine 
groups of birds and the probability that this 
does not differ from a zero correlation is less 
than 0.05. 

The activity of the compounds has been 
compared by means of a sulfaguanidine equiv- 
alent, a.e., the minimal dosage of SG divided 
by the minimal dosage of the test drug which 
gives comparable activity in the same experi- 
ment. This method of comparing chemothera- 
peutic activity is an adaptation of an as yet 
unpublished procedure developed by E. K. 
Marshall, Jr. and his collaborators for the 
evaluation of antimalarial activity. Some rep- 
resentative material from a single experiment 


790 mg. of SG produced more of an effect 
than 1,690 mg. of N*-Phthalylsulfathiazole, 
the latter is less than 0.5 SG. 

Ordinarily, the equivalents of a compound 
are similar at the three different levels of ac- 
tivity described for SG, and the figures given 
represent a composite value from all tests. 
Although our determinations of SG equiva- 
lents represent only rough approximations to 
the true activity values, because of small num- 
bers of birds and the general use of twofold 
dilutions in the drug diets, they indicate the 
general order of magnitude with sufficient 
accuracy to permit the selection of promising 
compounds for more intensive study. These 
equivalents and those given in the other tables 
represent convenient concise descriptions of 


TABLE 2—The Effect of Sulfaguanidine on Eimeria tenella !nfections 


Blood Levels 
Near Peak 


~Mg./100 ce. 
Mean (Range) 


Marked 
Cecal 


Lesions* 


Intake+ % Weight Gains 


Gm./kg./day 
Mean (Range) 


Survivors 
Total Birds 


4 
(2-2.3) 


8 

0 (1.2-1.6) 
(0.95-1.08) 
(0.66-0.87) 
(0.33-0.44) 


28 
20 (17-22) 
15 


13 (10-17) 
10 (10) 
7.5 (7-8) 
4.0 (3.5-4.5) 


55/55 


Administration begun two days before infection. 
‘= Number with class 2 and 3 lesions/total birds. 


illustrates the general procedure and also cer- 
tain irregularities which may occur in this 
type of data (table 3). In the appraisal of 
anticoccidial activity from such limited data, 
we have given the greatest weight to survival 
and the proportion of birds which show no, or 
only slight, cecal lesions (classes 0 and 1), 
while reduced weight gains are mainly helpful 
in suggesting possible toxicity (see later). In 
this experiment, the minimal dose of SG which 
saved all the birds of a group was 790 mg. per 
logram per day, while the minimal dose 
which prevented cecal lesions in most birds of 
. group was 2,180 mg. per kilogram per day. 
\lthough it is possible that lower concentra- 
‘ions of SG would have also saved all the 
birds, this does not seem probable in the light 
of other experience with SG (table 2) and the 
igh mortality among the untreated controls. 
(The above minimal doses are not altered by 
uch apparent discrepancies in the SG data 
‘s the single bird on 0.75 per cent SG with no 
cal lesions, or the poor weight gains on 1 per 
ent SG. These discrepancies may be due to 
mall sample size, biologic variability, or other 
actors.) Since 790 mg. per kilogram per day 
f SG and 1,380 mg. of sulfathiazole give com- 
arable effects, the SG equivalent of the latter 
: therefore 0.6. Similarly 2,180 mg. of SG 
ind 615 mg. of N*-Acetylsulfamethazine can 
e equated, yielding a ratio of 3.5 SG. Since 


drug activity, but it must be stressed that with 
such limited data differences which are less 
than twofold are probably not significant. 
Toxicity—The exploratory nature of this 
work and the limited supply of most com- 
pounds did not justify the use of treated and 
untreated control groups or of detailed patho- 
logic examination to elucidate drug toxicity. 
However, the mortality, the weight gains, and 
the food intakes of the drug-treated birds, 
compared with those of the untreated controls 
in the first portion of the experiments, are 
helpful in indicating possible toxicity. Since 
none of the untreated controls died before the 
fifth day of the infection, the occurrence of 
two or more deaths among 5 treated birds 
before the fourth day of the infection (during 
the first five days of drug treatment) suggests 
drug toxicity and has been indicated in the 
tables by the letter T. With some drug diets 
no early deaths occurred, but food intakes 
were reduced and weight gains were less than 
half those of the untreated controls during 
the first five days on drug. This has been 
indicated in the tables by the letter t. (Less 
marked mortality or lesser inhibition of 
growth was not considered significant under 
our experimental conditions.) These low in- 
takes of drug diets are probably due either to 
inappetence resulting from toxicity, or to un- 
palatability, which may be considered as a 
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Gain at 
9 days 


days 
42 


% Weight* 


Cecal 


Lesions 
0;1+ ;3+ 


7-Day 
Total Birds 
0/5 


Survivors 


Near Peak 
Mg./100 cc. 


Blood Levels 


Drug Intake 
Mg./kg./day 


TABLE 3-—The Relative Anticoccidial Activity of Several Sulfonamides 
% Diet 


Compound 


N 
in 


oN 
a4 
aa 
ao 


tor 


2180 
1850 


1280 
1080 
790 


° 


None . 


Sulfaguanidine 


OOD 


1520 
1500 
1380 

655 


Ar 


1050 
615 


ow 


N*-Acetylsulfamezathine 


<0.5 


48 


0;0;1;4 


1690 


1.0 


1 weight. 
half of untreated, infected controls after five days’ treatment. 


All birds 50-60 Gm. initia 


t = Weight gains less than 


special type of toxicity. Unpalatability may 
be the less probable explanation, since it is 
generally agreed that chemoreception is poorly 
developed in birds.” 

Beginning with the fourth day after inocu- 
lation, the above criteria have not been used 
since they reflect the course of the infection 
and the chemotherapeutic efficacy of the drug, 
as well as possible toxicity. However, the 
possibility of using such data when the ab- 
sence of cecal lesions indicates virtually com- 
plete suppression of the infection should be 
mentioned. 


RESULTS AND DISCUSSION 


Very few sulfanilamides were as active 
as SG in these tests (see tables 4 and 5). 
The active compounds, and a few related 
inactive ones, are presented by chemical 
groups in the order of activity within each 
group (table 4). Each figure under the 
heading “level of activity” represents a 
group of 5 birds on the corresponding per- 
centage diet. The degrees of activity from 
1 to 3 are significantly different from the 
grouped controls (see table 4, footnote -), 
since for level 1, p== <0.01 for the smailer 
birds, and for level 2, p= <0.05 for the 
larger birds by the chi-square test, even 
after Yate’s correction for continuity is 
applied. Because of the small numbers of 
birds, the differences between different 
active levels are not statistically significant 
by themselves. However, the graded nature 


of the relation between dosage and degree 


of activity indicates the general reliability 
of these results and their expression as 
approximate SG equivalents. 

The most active sulfanilamides tested 
were chlorodiazine 1 (10 SG), bromodia- 
zine 2 (10 SG), sulfamethazine 4 (5 SG), 
and sulfapyrazine 5 (4 SG). (All numbers 
refer to tables 4 and 5). In contrast, such 
commercially available compounds as sulfa- 
thiazole 23, sulfathalidine 24, and sulfa- 
suxidine 27, were inferior to SG with re- 
spective equivalents of 0.5, 0.15, and <0.15, 
and sulfanilamide was inactive at near toxic 
levels. The evaluation of the superior com- 
pounds from a practical standpoint will de- 
pend in part on such other considerations 
as production costs, toxicity, and ease of 
administration. None of the above com- 
pounds caused death at the highest levels 
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tested, but with both halogenated pyrimi- 
dines, 1 and 2, food intakes and weight 
gains were reduced with the higher diets. 
This retardation of growth is only tem- 
porary, however, even at 0.1 per cent, which 
is twice the concentration necessary to pre- 
vent all deaths. (Three groups each con- 
taining 10 uninfected birds with a mean 
weight of 52 Gm. were fed the stock diet, 
0.1 per cent of 1 and 0.1 per cent of 2, re- 
spectively, for one week. At the end of 
treatment, the weights of the birds on 1 
and 2 were respectively 80 and 74 per cent 
of the untreated controls, but one week 
later the respective figures were 92 and 89 
per cent, and two weeks later 94 and 91 
per cent). Other investigators’! have 
shown that sulfamethazine (sulfameza- 
thine) is effective when administered in 
the drinking water. This may also apply to 
some of the above compounds and others 
like 15, since their solubility is such that 
concentrations which are effective as drug 
diets can also be obtained as aqueous solu- 
tions. 

The comparative activity of more than 


CompoundA 


Sulfanilamides 


30 N!-(2-Hydroxypropyl-) sulfanilamide*™,’ ...... 
31 N'-Sulfanilyl-p-chloroaniline™,! 
32 Sodium ........... 
33 N'-Decanoylsulfanilamide™,! 
35 Sulfanilylamylguanidine™,® 
37 ........... 
38 
40 Disulfanilylacetamidine™,! 
41 Sulfanilylbenzamidine™,t 
42 Sulfanilylbiguanylmorpholine™,® ............... 
43 Sodium N'-cinnamoylsulfanilamide™,* ......... 
44 ............. 
45 N!-Furoy!sulfanilamide™, r 
Other Sulfonamides 
46 2-Orthanilamido-5-chloropyrimidine™,e ........ 
47 2-Benzenesulfonamidopyrimidine™,® ........... 
48 .. 
Miscellaneous 


TABLE 5—Inactive Compounds 


60 sulfanilamides in Plasmodium gallina- 
ceum, a species of malaria in the chicken, 
has been determined in this laboratory’:. 
The work reported here represented in part 
an attempt to select promising anticoccidia] 
agents on the basis of this experience, and 
was encouraged by the taxonomic relation- 
ships of the two types of parasites and the 
identity of the hosts. Antimalarial activity 
was expressed as sulfadiazine equivalents, 
but since SG is 0.15 SD in malaria, the SD 
equivalents have been converted into SG 
equivalents for malaria through multiplica- 
tion by a factor of 6.6 (table 4). Of the 12 
sulfanilamides tested in both infections, six 
were more active than SG in both, five were 
less active than SG in both, and one, 23, 
was 1.2 SG in malaria, and 0.6 SG in coc- 
cidiosis. The equivalents for five out of the 
eight compounds which were completely 
titrated in both infections did not differ 
by more than a threefold factor. Such 
quantitative differences are not unexpected 
in view of the approximate nature of both 
equivalents, and the much greater resist- 
ance of EF. tenella to sulfanilamides. With 


Blood Level SG 
Drug Intake*® Near Peak Equivalent 
Mg./ke./day Mg./100 cc.” Less Than 

685 16 2 
1230 2 0.45 t 
shed 840 3 0.9 T 
eves 935 16 0.6 t 
1020 46 0.55 t 
onus 1326 (0.8%) 9 0.6 
1440 4 0.5 
con 1710 1 0.45 
12406 7 0.65 t 

1690 1 0.45 
ee 2600 (1.5%) 0.5 0.5 
nome 1970 0.9 0.4 
hier 350 2 T 
tha 1550 5 0.5 
ed 1450 12 0.4 
sea 410 (0.25%) 5 1.0 * 

1360 5 0.4 
re 390 (0.5%) 19 1.0 t 
680 (0.5%) 1.2 * 
eee 80 (0.05%) 10.0 * 
2610 (2%) 34 0.25 

1950 (2%) 78 0.35 t 
ctas 740 (0.5%) 0.5 
820 (0.5%) 0.45 
Ligh‘ 340 (0.25%) 40 t 
cae 30 (0.02%) 43 x 
ae 570 (0.5%) 1.2 t 


A—Superscripts as in table 4. Compounds without superscripts were obtained from commercial source 
*—Drug diet 1 per cent unless otherwise indicated by figures in ( ) 
Five birds in each group weighed 50 to 80 Gm. each. 


b—Free drug level to nearest mg. 
T, t—As in table 4, 


*—-Higher drug concentrations gave t in 47 and T in others. 
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P. oallinaceum, 0.05 per cent of SD in the 
diet completely prevents sporozoite-induced 
infections in most birds, whereas in E. 
tenella, 0.6 per cent does not. This differ- 
ence in drug susceptibility may in itself 
produce discrepancies between the dosage 
equivalents in the two infections, since the 
relation between the dosage and the tissue 
levels of a drug may not be linear. 
However, the general agreement between 
the results in both infections would seem 
to indicate that some 39 sulfanilamides 
which were not more active than SG in our 
experiments with avian malaria’? have 
little promise as superior anticoccidial 
agents. They would probably not be more 
active than SG unless their mode of action 
differs from that of other sulfanilamides. 
This seems unlikely since the investigation 
of a large number of sulfanilamides has 
disclosed very few for which it is necessary 
to assume a different mode of action (un- 
published data). The activity of most sulfa- 
nilamides against bacteria and against 
malaria organisms is antagonized by para- 
aminobenzoic acid (PABA), and is depen- 
dent upon the presence of a free amino 
s group in the para position of the benzene 
ring. This is also true in coccidiosis, as the 
activity of SG is antagonized by PABA 
(table 6), and compounds in which the 
amino group is lacking, like 47 and 48, are 
inactive. An ortho isomer, 46, of the active 
compound 1, was likewise inactive. The 
activity of such N*-substituted sulfanila- 
mides as 6, 10 and 18 is only an apparent 
exception, since it was associated with high 
lood levels of deacetylated drug. 
Although some correlation exists between 
: activity of the sulfanilamides in coc- 
cidiosis and malaria, there is no correlation 
ith other types of compounds. Such potent 
timalarials as quinine, atebrin, and plas- 
ochin (53, 54 and 55) are completely in- 
cilective against coccidiosis when admin- 


ered in maximum tolerated doses (table 


Our data strongly suggest that the anti- 
‘idial activity of the sulfanilamides is 
ciated with relatively high blood levels. 

‘ost of the active compounds saved all the 
treated birds when the peak blood concen- 


trations were 6 to 10 mg. per 100 cc. and 
saved some of the birds at 2 to 4 mg. per 
100 ce. The sulfanilamides which only pro- 
duced low blood levels were inactive. This 
was true even with 28 which has a high 
degree of solubility at pH 6 and above, and 
also bacteriostatic activity equal to that of 
SG. The unimportance of the intestinal 
levels of the sulfanilamides in coccidiosis 
is also illustrated by the fact that diets of 


TABLE 6—The Antagonism of p-Aminobenzoic Acid 
(PABA) and Sulfaguanidine (SG) in Coccidiosis 


Initial 


Cecal 
Lesions 


Survivors 


Total 


Diet Weight 


SG PABA Avg.inGm. 


0 115 
0 120 
0 125 
0 115 
0.4 115 


nor 


0 65 
0 
0 
0 
0.1 


KF 


SG and of sulfadiazine, which produced 
comparable anticoccidial activity and blood 
concentrations, produced strikingly differ- 
ent concentrations of drug in the cecal con- 
tents. With 0.5 per cent sulfadiazine and 
1.0 per cent SG, the average concentrations 
for 5 birds on each diet were respectively 
60 mg. of drug per 100 Gm. of cecal con- 
tents and 790 mg. per 100 Gm. The solu- 
bility of the drugs in the cecal contents 
cannot be readily determined, but if it 
resembles water solubility, the difference 
is still quite marked, i.e., 200 mg. per cent 
for SG and not more than 60 mg. per cent 
for sulfadiazine. 

The assumption that the effectiveness of 
SG is due to its low rate of absorption" 
is not valid in the chicken and seems ques- 
tionable in the lamb and calf. Unfortunate- 
ly, the blood level concentrations which 
accompanied the successful use of sulfa- 
guanidine in and calf‘ coccidiosis 
are not given, but data from other mam- 
mals't and some fragmentary results in 
lambs (unpublished) suggest that blood 
levels of several milligrams per 100 cc. 
may have been obtained. 

Sulfanilamides which are not absorbed 
can act primarily only on free sporozoites 


- \ 
l, 
rt 
al 
id 
1e 
y 
Ss, 
D 
G 
2 
3, 2/5 3.0 | 
5/5 2.6 
C- 4 5/5 3.0 
| 4/5 3.0 
1/5 3.0 
ly 0/10 3.0 
5/5 0.4 
4/4 2.0 
*h | 4/10 2.9 
‘ 1/5 3.0 
h 
h 
j 
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and merozoites in the lumen of the ceca. 
Since sulfanilamides act relatively slowly 
and may require a day or more to appre- 
ciably inhibit protozoa’®, non-absorbed 
sulfanilamides would have little opportunity 
to exhibit anticoccidial properties. On the 
other hand, sulfanilamides which are ab- 
sorbed and maintain fairly high tissue con- 
centrations can act on the major portion 
of the life span harbored in the mucosa. 
The blood level itself is probably only im- 
portant as a rather rough indicator of the 
drug level in the parasitized tissues. Of 
course, desirable pharmacological proper- 
ties do not insure a high degree of anti- 
coccidial activity. The inactivity of sulfa- 
nilamide 29, and of some of its derivatives, 
32, 33, 34, 37 and 43, may be due to the 
low “inherent” activity of these compounds, 
which has also been noted for other organ- 
isms. In contrast, the failure of sulfathia- 
zole to completely prevent cecal lesions is 
probably due to toxicity which causes a 
drastic reduction in food intake. Drug in- 
takes and blood concentrations are very 
similar with 1 and 2 per cent diets, and 
blood concentrations do not exceed 8 mg. 
per 100 cc. This is sufficient to prevent all 
deaths, but falls below the critical level of 
10 to 15 mg. per 100 cc. which prevents 
cecal lesions with other active compounds. 
Although the data have all been obtained 
with EF. tenella in the chicken under a spe- 
cial set of experimental conditions, some of 
the results may have wider applicability 
both to other coccidia and possibly to 
sulfonamide-susceptible bacteria of the 
fowl’*, The relative activities of various 
sulfanilamides in the other species of 
chicken coccidia will probably resemble 
those in E. tenella, since Levine’s data’ in- 
dicate that species differences in suscepti- 
bility to SG are less than threefold. How- 
ever, the quantitative variation which must 
be expected may occasionally produce ap- 
parent qualitative differences. Thus, sulfa- 
nilamide is only active against the intes- 
tinal species but not against either LF. 
tenella or Eimeria necatriz®. It is therefore 
possible that sulfathiazole and other com- 
pounds which are less active than SG 
against EZ. tenella may be partially or com- 


pletely ineffective against necatrir, 
which is more resistant according to 
Levine’. 


In mammalian coccidiosis, variation jp § 
the pharmacological behavior of the sulfa. 
nilamides in different hosts may be as im. 
portant as possible differences in parasite 
susceptibility. The superiority of the sulfa. 
nilamidopyrimidines to SG in the mainte. 
nance of high blood levels is even more 
marked in mammals than in birds (unpub- 
lished data). Since these compounds are 
probably as active as SG at equal tissue 
concentrations, their SG equivalents in 
mammalian coccidiosis may well be even 
higher than in avian coccidiosis. Although 
their margin of superiority may not be 
great enough to overcome their markedly 
higher cost in birds, there is a distinct pos- 
sibility that they may be economically su- 
perior in mammals. 
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SUMMARY 


1) A procedure is described for the 
quantitative evaluation of anticoccidial ac- 
tivity in Himeria tenella infections of the 
chicken with small amounts of drug. 

2) The activity of sulfaguanidine was 
strikingly surpassed by only a few of the 
45 sulfanilamides tested, namely, the halo- 
genated sulfapyrimidines, sulfamethazine, 
and sulfapyrazine, which were respectively 
ten, five, and four times as active as sulfa- 
guanidine. 

3) The activity of sulfanilamides in coc- 
cidiosis resembles that in other infections, 
since it is antagonized by para-aminobet- 
zoic acid, and is dependent upon the pres 
ence of a free amino group in the para posi- 
tion of the benzene ring. 

4) Since there is some correlation be 
tween the activity of sulfanilamides in the 


| 

| 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


1946 AVIAN 


CoccIDIOsIS 


373 


coccidiosis and the malaria of the chicken, 
some 39 other sulfanilamides which show 
only slight antimalarial activity in the 
chicken are not considered promising anti- 
coccidial agents. 

5) Such potent antimalarials as quinine, 
atebrin, and plasmochin are inactive against 
coccidiosis. 

6) Poorly absorbed _ sulfanilamides 
showed little or no anticoccidial activity, 
and the effect of active sulfanilamides 
paralleled their blood concentrations. This 
has been related to the slow rate of action 
of the sulfanilamides and the brief dura- 
tion of the extracellular stages of the 
coccidia. 


7) The applicability of these results to 
the other species of avian and mammalian 
coccidia and to other pathogenic organisms 
is discussed. 
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Tus BE your House 7 


Now that the war’s over and a lot more civilian 
goods are on the market, it’s a big temptation 
to spend just about all you make, and not put 
anything aside. 

But to fall for that temptation is plenty dan- 
gerous. It’s like trying to live in the house above 
—a house that might come tumbling down about 
your ears at the first little blow of hard luck. 

Right now the best possible way to keep your 
finances in sound shape is to save regularly—by 
buying U. S. Savings Bonds through the Payroll 
Plan. 

These Bonds are exactly like War Bonds. 
Millions ef Americans have found them the 


safest, easiest, surest way to save. The U.S.A. 
protects every dollar you invest—and Uncle Sam 
gives you his personal guarantee that, in just 
ten years, you'll get four dollars back for every 
three you put in! 

If you stick with the Payroll Savings Plan, 
you'll not only guard against rainy days, you'll 
also be storing up money for the really important 
things—like sending your children to college, 
traveling, or buying a home. 

So—any way you look at it—isn’t it smart to 
buy every single U. S. Bond you can possibly 
afford! 

Stick with the Payroll Savings Plan! 


SAVE THE EASY WAY...BUY YOUR BONDS 
THROUGH PAYROLL SAVINGS 


AMERICAN JOURNAL VETERINARY RESEARCH 


This is an official U. S. Treasury advertisement—prepared under auspices of 
Treasury Department and Advertising Council 
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